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1. INTRODUCTION 


1.1 SCOPE AND PURPOSE 

This serves as a compauioii to NASA Management Instnictian (NMI) 1700.8, and provides 

giiiit<»lini»!g amt metho ds to Comply With the NASA poli^ to limit orbital debris generatiotL The 
guidelines serve to help ensure drat launch vehicles, upper stages, and payloads meet acceptable standards 
frir limiting fii hital dehris generation. This document should be used by die program mailer or project 
manager 35 the primar y re&rence in conducting debris assessments. The standard es ta b lishe s guidelines 
and provides siqiportmg analysis tools for ( 1 ) limiting the generation of orbital debris, ( 2 ) assess i n g die 
risk of coUisianwidi existing space d^ris, and (3) assessmg die potential of spacecrafi-generated ddiris 
fragments to inqiact die Earth's sur&ce. baddMon to guidelines and methods for assessment, this volume 
provides fimnats for die debris assessment reports. Two appendices are used to define frequently used 
tftnwe and to provide summary background infbrmatitm. 

Another Avmm<»nt entitled "Reference Manual for Orbital Ddiris Assess m e n ts," provides more in-depth 
bad^riiund and technical infinmation. In addition, debris assessment software is available to support die 
a«agfiggment of particular guidelines and to evaluate mitigation measures. 


1.2 OVERVIEW OF NASA MANAGEMENT INSTRUCTION 1700.8 


NASA Management histructian (NMI) 1700.8 states "NASA's pdicy is to emp^ design and operatians 
practices that hmit the generation of orbital debris, ccmsistent widi mission requirements and cost- 
effectiveness." The NMI requires diat each program or project conduct a fon^ assessment fiir the 
potential to generate orbital dditis. 

The dditis assessment must address the potential fin orbital ddiris generation that results from normal 

arvt malfimrrifin cnnditirms^ and on-orbit coUisioiis. The assessment must also address 
provisions fin postmission disposaL Malfiinction conditioiis refer to diose credible failur e scenarios or 
faat can result in the direct generation of cubital debris or diat can disable die spacecpfr to 
predude postmission disposal. Exanqiles of orbital debris generated during normal opei^ons include 
such as covers, dirouds, and stagmg can^xments that are released mto die envir onment . An on- 
oibit is an exanqile of debris generation by malfiinctim. Exan^les of debris generation by 

/v>Hi<!innc iwiiiA* immftrfiate ddiiis generation by collisioos With large objects and by loss of control of a 
spa rcyraft or pa^doad as a result of inqiact widi small ddiris during mission operations. 

To satisfy die NMI, die program or project manager may need to plan fin sudi t h i n gs as; 


Dqileting on-board energy sources after campletion of missian 

limiting (Mbit lifetime after mission conqiletion to 25 years or maneuvering to a disposal cubit 

i.imiting fae ge n e ration of ddiris associated with noimal qiaoe operations 

T.itnitifig the consequences of impad with existing orbital ddniscu meteoroids 

l imiting theTislffii^ space system components surviving reentry as a result of postmission disposal 


1.3 OBJECTIVES OF DEBRIS ASSESSMENTS 

Each program or project should attenqit to meet all pertinent guidelines. It fa understood, however, diat 
satisfying g ^uHelines mus t be balanced with the necessity to meet mission recpiirements and to control 
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costs, a goublmecaiiiut be met because of over-fldiqg conflict widimisskxireqairemeQts or proiiibitive 

cost in^>act, this should be q>ecifica% noted in tile assessment with rationale and justification provided. 

As a matter of practice, it is desirable fiir the proigram or project to wodt svitii the Offlce Safety and 

Mission Assurance during the assessment process. Ideally, the program (H' project should also use tiie 
expertise at NASA centers. TbeOfficeofSafety and KGsdon Assurance at ea^ center can direct 
pr ogr am s^goiects to groiqistiiat can provide assistance with ddnis assess m ents. Hiese groups have 
resources fiir analyzing complex ddiiis problems which may not be covered in the detail necessary in this 
standard or in tiie debris assessment software. 
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2. CONDUCTING THE DEBRIS ASSESSMENT: AN OVERVIEW 


This secticn provides an overview of vrfiat should be covered by a debris assess m ent The detailed 
giiii<piifKH5 and evaluation for q>ecific assessment issues are presented in ch^ters 3 through 7 . 

As required by 1700.8, "Policy to T.imit Odntal Ddnis Genecatioii,* the debris assessment covers two broad 

areas: pnif»»nfiai g^narating dd>iis during normal operations or malfunction conditions, and the potential for 

gpwrating rtfhrig 1iy cnlli.qon with ^ace debris (natural or human-ge n e r a t ed ) or oifaiting space systems. These 
two broad areas are biQken down into five issues to be addressed in die assess m ent: 

• Ddnis released daring normal operations 

• 

■ Debris generated by on-otbit coDisions during mission operations 


Tly* bft fw ganiTftd amamd these issues with speofic guidelines associated with each. The 

objective for e ach program or prcgect is to assess whether all applicable guiddines have been met 


Safe diig posal of space systems after missian conqiletioa 

Structural conqxments inqiacting foe Eaifo following postmission disposal by atmospheric reentry 



2.1 STRUCTURE OF THE GUIDELINES DOCUMENT 

F aib of foe aggagsment is<aies is covered by a chapter in fois guid el i n es doai m e nt Eachissueis 

hy itpecific "guideline" .statements. Each gfodeliiie Statement in a bold box at foe 

beginning a diapter or major section of a chapter . 

After foe box containing foe guiddines, foe following s ectio n s are presented: 

• "Tti»tifinalfe thr finidelines" 

• "Mefoodto Assess Compliance wifo foe Guiddines" 

• "Brief Overview of Ddiris Mitigation Measures" 

These provide information on foe reasoning bdiiiid foe guiddines, a rec omm e n ded approach fin- 

assessing vfoefoer a program has a given guideline, and what kinds of modific a ti ons in design or 

procedures be considered to bring a program within guidelines. An overview of assess m ent issues 

anti guidelines is presented in table 2-1. 

hfitigation measures, analysis support procedures, and tedmical badtgroand are presented in more detail in 

a tvwtpanimt Hnrmu^^ "Reference Mamal fiir Orbital Debris Assess m e n ts." Volume I of fois document 
is "Assessment of Ddiris hCtigation Procedures." Additional technical information is presented in Volume 

n, "Tedmical Bad^round fi>r Assessing Orbital Dd)ris Risk." Eadi volume is ragani^ around foe 
g iiiHeline areas used in fills standanL 


2.2 PERFORMING DEBRIS ASSESSMENTS 

pmgr am address the applicable guidelines in eadi of foe four areas of normal operatiiMis, 

yrv»;/tpntai ^^v plftgiftns or rntfifirinnal breakups, debris collision, and postmissioa disposal. If atnu^heric 
reentiy is used as foe postmission disposal option (Section 6), foe program should address foe guideline on 
T »v>ntTy T ide rftntainf-H in .Sartinn 7 The g^ii<lanc e provided in the sections titled "Method to Assess 
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Table 2-1. Debris Assessment Issues and Correspondii^ Guiddine Descriptions 


Debris AsaesimeBt 
Areas 

Guideline Description 

Release of ddris during 
nmmal mission operatioos 

* mnA nf 

debds larger fean 1 mm 

• limit lifeniiie of objecto passing fetoug^ 
GEO 

AccidentBl 

* liinft probability of aocideotBl cisQilosion 
diritig mission operatioiis 
« Depkteon4x)arostixed energy at end of 

mlmnnn Kfe 


• liniitniiiiiber,ai2ie»airioibftlifetimeof 
ddris larger than 1 mm 

• Assess ri^ to ofeerptograrnsfcr times 

grwtamg legions of bigh ddris 
density 

• No tsseanienf of orbital hazard fer 
breakitos occurring below altitade 90 km 

Cdliskos widi large 
objects dnring mission 
opecadoos 

Assess probability of collision wife intact 
^Mce aystons or large ddris 

Collisions wife small 

Airni£ tniMfln 

q;>eratiai]s 

Assess aid liiiift fee probability d damage 
tocriticdcornponcntsasaresuttofhnpad 
wife small dmis 


Remove ^lacecraft and upper stages from 
hi^ value regions of q»oe so th^ will not 
feieatmfiitxue^»ce<penriam 

Debris surviviiig reentry 
airi mqncting in populated 
areas 

fimnhgr tmA t\f 4driff 

that survive uncontzolled reentry 




Tnchidcs staging coapoDeois, deploy- 
meat luffdMm cr omer 
than 1 mm that ate kDOfwn to be 
xdeased donng ixnxud opecati^ 

TeQien or tetfaer fiagmeote left in 

orfnt m cnwgiAmd np<»rattrm«1 HArig 


Ttigiwigg systems and c mp ftngnta such, 
as lange safety q^stems, pteasurized 

volumes^ mnA 


Tnte n tinftftl V mp jt lmpa 

involving coHisinns or explosicins of 

syimnA anA hneaVwp 

dvD^ apace system leeotty to leduoe 
fee amcant of ddais leadung fee 
ground 


CdliakaisvidfemiBct apace sysl^^ 5 
large deiris vnU creafe a large immber 
of ddris ferments feat poae a risk to 
ofeeroperatmg&xicecran. A 
aignifiant pnfeAlrty of cdliakin may 

atk^. ifagjgn iw operatMnal 





Daimige by small ddris can result in 5 

bofe mission feilnie and feOure to 

aigmfiMnt pfphalwlity of damagg timy 

necc a ritate , riridding , use of redundant 
system^ or ofeer design or opersticMiri 


omt or transfer to an ortnt viibere fee 
^nce ayadtem vriU leen^ 
years. Di^xiaal orbits are defiiied 
away from L£0» G£0» and 
senusyndirooaas (12 hom) droilar 


This g^xidriinc human cssualty 
esqpe^atian 
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rnmplianff« npiih Hifi Chiidelines" should be sufficient to carry out the assess m e n t Hie models in d^ris 
assessment software support die s^proach and techniques described in diis section. Eadi program is free to 
use alteiiiatrae metfrods or models that they fed are more suitable for tlieir paiticalar program. If 
alternative or irmA»lg are used, the program should document such methods or models in the debris 

assessment report. 

Two assessment reports should be conqileted. The first is prepared at PDR and the second 45 days prior to 

CDR. The PDR ddiris a^geggment should identify dd>ris generatkai issues and , uhere possible, assess 

Hie CDR assessment should identify, assess, and resdve an ddiiis issues in detail Quqiter 

8 of this provides the specific info rmation diat should be i n clu ded in a debris assess m ent report 

AWioiigh ^ 5 «<»«iCTnentiii are prepared only at PDR and prior to CDR, it is advisable for each program at 
project to potential (^ris issues during concept development (Phase A) and developme^ of 

preliminary requirements, specifications, and designs (Phase B) to es timat e and minimiz e po tenti al cost 
impacts. 
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3. ASSESSMENT OF DEBRIS RELEASED DURING NORMAL 

OPERATIONS 


Debm is often rekased as an incidental part of nonnal spac* operations; Ihis of debris is referred to as 

operational dd}ris. Since the release can be planned, it can be done in a m a nn e r that does not pose a 

gignifirant risk to oftieT usQS of space. Small dd)ns — 1 mm in diameter (about 1 mg) and larger fijr LEO, 
or 5 cm (about 100gm)andlargo^forGEO — ^is a source of concern because it has enou^ ene^ to 
critically damage an tolerating spacecraft Larger dd>ris might collide with other large objects in the 
environment and create douds of secondary debris fia gm e n ts. 

The pr ob ability of a collision ocoirring with debris released during nonnal operations depends on ^ 
nmnber and size ofihe debris and on lengdioftime it remains in orbit Theguidelmes,tiierefo^ liinitihe 
total immber of such ddrris arid their orbit lifetiines. Debris released durii^ rrormal op^atums includes 
^j tbri s released d»iring gtagmg and payload separation, depkryinent, and mission operations; tethers and 
tether fiagments left in orbit at tbe end of migsinn are also considered cqierational dd>ris. Upper stages, 
payloads, solid rocket motor debris are not covered by these gmdeUnes. 
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Rationale for Guidelines 


For gaiddiiie3-la,1fae value of 0.1 is based on Ok princ^kliiat large ddnisideased during nonnal 

qperatiaas should represent a rrnidi sandier risk of coDisioa vddi otber large objects in orbit Oian do 
operatirig spaoecraft. Kstorically,!^>aoecraft have had an average cross-sectional area of about 10 n^ and 
an operaticnal lifttime of dnee years, giving the average operating qraoectaft a 30 nP-yr area-4nne 
pnxfaict Adopting a guideline value between 0.1 and 1.0 rrt^-yrwo^lheiefinreyidd a probabQiQr of 

cnlliginn Aat ~l/30 to 1/300 the istillisinn probahilily iqweMBted by an average nperating spacaa-aft A 

value of 0.1 is used based on mass consider^ions. Typical operational ddnis of mass 1kg and larger, 
vbidi is large enough to cause con^lete cdlisional fiagmentatian of intact pi^doads oriq>per stages, will 
have an orbit lifetinie~10 years under the O.ln^-yrgniddine value. Ifa l.Ort^-yr valuewas chos^ 
such opendional debris would have a lifithrie of ~1 00 years, arid Oierefibire accunaulate in orbit 

ChiiddhK3>lbliirirts die total nurxiberofddnis objects released based on Oieir orbit hfithnes. Based on 
historical precedent and practice, an acceptable levd of ride fiar released ddnis another 

operational spacecraft is <10^. Ihe gnidehiie value of 100 object-yr was chosen because ddirisrdeased 
during iKxriial operations fidlowiiig d^ guidelirie will have probability on die order of 10^ of hittirig and 
potmtiady damaging an average operathig spacecraft. 

Tethers present a much greater risk to (yeratmg spacecraft than would be expected from tfaeir mass and 
cross-sectional area, and may have a hi^ probability of bemg severed and dxus left indie environment. 
Consequentty, tediers or tether fragments left in orbit after completion of «««««»« require qiedal 
consideration fiir the risk dity pose to operatiog spacecraft. 

Ddiris that is not removed from GEO altitude by energy losses resulting from atmospheric drag, a process 
lequhiag a low perigee altitude, will remain in the GEO environment fa inanydioosgBidstrf years. 
Tberefiirei, guiddiiie 3-2 hnuts the accumulation of dfais at GEO altitudes and will prevent the 
development of a s^nificaiit debris environment, as currendy exists in LEO. 


Method to Assess Compliance with the Guidelines 


Debris Passing Through Low Earth Orbh (Gniddine 3-1) 

Fix' each of the ddiris objects released during nonnal operations, cakolate die cross-sectional area and 
orbitltfttinie. The total area-time product (guiddme 3-la) will be 

Z (cross-sectional area X orbit dwdl time bdow 2000 km) 

debris larger 

tham 1 mm 

“Orbit dwdl time bdow 2000 km” is defined as die total time spent by an orbiting object below an altitude 
of2000 km during its mbit lifttime. Ifdiedfais is in an orbit wiifaqiogee altitude bdow 2000 km, the 
orbit dwdl time equals die orbit lifetime. 

TIk total object-tiine product (guideliiie 3-lb) will be 

Z (orbit dwdi time bdow 2000 km) 

debris larger 

than 1 mm 
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Tlie fbUowmg procedure is used to d^enniiie oibit dwell time: 

1. Detennine the average cross-sectional area, area-to-mass ratio, and initial orbit for eadi debris piece 

released. Tbe average cross-sectianal area is tiie cross-sectional area averaged over aspect 
gimple convex dd>ris, liie average cross-sectianal area is 1/4 tiie surfooe area. For highly irr^nl^ 
Hfhrig gha p ftg an ftcritnate of yvCTag*- rTnv;g-si»ffrinnal area may be obtained as follows: determine 
the view, V, yidds the mavinnini cross-sectional area and denote tiie cross-sectional area as 

Ama-if . LetAiandA2be tiie cross-sectianal areas tiie two viewing directions orthogo^ to V. 

Then define tiie average cross-secti<mal area as (A,«„r + Ai + A?) /2 . Measure all areas in square 
meters. 

The area-ti>mass ratio for tiie dd)ris object is the average cross-sectional area (n^ ) divided by tbe 
mass (kg). 

The debris orbit is tiie orbit of the object rdeasing the debris unless the release occurs with Av 
greater tiian a few meters per second. For debris released with Av greato than ~10 meters per second, 
tiie debris orbit may be significantly differ ent fiom titat of the object releasing the ddiris. The 

ddiris assessment software can be used to calculate the initial orbit in tins case. 

2. Calculate the orbit dwdl time for each di^ris piece rdeased. Eitfaer tiie procedures described in this 
section or tiie ddiris assessment software may be used. Iftiieddiris assessment software is used, tiie 
solar activity should be set to 130 solar flux units (sfii). 

For each ddiris object: 

(1) Locate '♦he apngee and perigee aMtndfi for the orbit in figure 3-1 for low altitude near- 
ffi rmlar orbits or figure 3-2 for hi^ily eccentric orbits. The orbit will generally foil between 
two area-4o-mass ratio contours, referred to as tiie bounding contours. 

(2) For eadi ddiris object not having tiie reference area-to-mass value of 0.01 n^/kg, divide the 
bounding contour values by 

100 X (tiie area-to-mass ratio fix the debris object) 

The mndified contouT values are the mbit lifeHme contour values (figure 3-1) or the orbit 
dwell time below 2000 km contour values (figure 3-2) fix the area-to-mass ratio of tiiat 
dditis object 

(3) TntffrpAiatp. alrmg a vertical line between the bounding contour values to get the estimated 
orbit life time or orbit dwell time below 2000 km. 

3. For guiddine 3-la, multiply each orbit lifetime or orbit dwdl time below 2000 km by the cross- 
sectional area for that debris object and sum tiie area-time product over all ddiris released. For 
guukline 3-lb, sum tiie orbit lifctiii^ or orbit dwell times bdow 2000 km, over all ddirisrdeased. 
Conqiare tiie final sums with the guiddine. 

The ddiris assessment software can also be used to perform steps 1-3. 
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Special ConsideratioD for Tethers or Tether Frasments in Orbit After Compl^on of Mission 
(Note to Guideline 3>1) 


For teriierSj ■which are smaller in two dimensiring Kiif nnletrs nf magni«iiite laigpr in fliirH HmygidfOT ihm 

nacmal qnce stnictuies, the potential to damage operaliog qooeciaft is nmch laisBT dian would be 
expected fiom the tether mass and cross-sectuoal area. Comequendy, programs using tethers must take 
extra measores to oontiol the potential for dama^ngodier systems. To limit diis type of ri^ to otbra- users 

of spao^ tethers left in oibit after completion of migginw ortpriiw fragm<»rttg m<»r«»orfwHg or 

orbital d^ris severe the tether are considered operadoaal dd>iis. 

To limit the risk jnesented by die teiber debris to operatmg spacecraft, die nKcdnnun tedier ddnis length 
will be limited Ity its mbit lifetime. Ibehfetime must take into acooontai^ associated end-point vdiicles 
attached to the tether. The relationship between the maxiimnn allowed tedier d^ris length, 
measured in kilometets, and oibit lifetime, T, measured in years, is 

^MAX P°“] “ 1 / T I^] 

The print Bfetime of the tether system will he determined frJlriamig the gamo a« fcr fy ahi^nm pf 

operational dd>ris fcr guideline 3-1. in fal/mlating riw mfio frw 

average cross-sectional area of the tether system will be fee cross-sectional area of fee tefeer measured 
along its length, Aj (calculated in Stq> 1 bdow), plus fee rartCB-ov?rir»nal araa of any attarhwH enH- p omt- 

vebic]e(s). The mass offee tefeer system will either be fee tefeer mass, iffee tether is detadiedfeom fee 
end-posmvdnde(s), or fee tether mass plus any attadied end-point veidde(s) mass. End-point vdbide 
mass and cross-sectional area are oonsideradopty iffee fwi«8ion plancan<gfiw1hotartier to r einam gttarfiflrt 
to fee end-point vdiic]e(s). The effective altitude fer fee system ferortnt lifetime calculations wQl be fee 

al t i t ude offee rme^toint offee tefeer if it is not a t tache d to an end-point vehicle or fee altitude offee eenter 

of mass fer fee tystem if fee tefeer remains attached to an end-point vdnde or vducles. 

The length of tefeer remaining in fee environment after fee end of inissian, which win be fee lengfe of fee 
tefeer if fee nnssion plan is to leave fee tether in fee eovironmeot at fee end of mission, or fee lengfe of 

tefeer feat is C 3 q)ectBd to be cut oflFby meteoroid m-oAital AhilB impact Airw^ the miggino if tb« miggirm 

plan is to retract fee tether at fee end ofmission, must be no huger 

The lengfe oftether cut during fee mission is related to fee probability offee tefeer being cut Tocalculate 
fee probability of fee tefeer being cut 

1. Calculate fee cross-sectiooal area of fee tefeer. At, fiom fee tefeer diameter, Dx, in meters 
and length L, in meters; 

Aj = Dj X L [n^l 

Iffee tefeer cross-section perpendicular to its lengfe is not circular, an effect iv e 

di a me ter fiom the longest tefeer cross-sectional dimensioo, Imw mvI shortest cross-section 
dimension, measured in meters fiom 


^ Imin (mj 
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2. TTiinimiifn enttmg impactor diameter fia* meteoToids or orbital debris. Tbiswill 

be the diameter oflbe smallest inqjactor that can cut tile tedier. Assume Ifais diameter to be 
Dj / 5 , iwiifMec it fg>n be shown that either the tedier or tedier materials will allow a 

laiy»r irifniniUTn Hiampiffir 

3. fift riift ^ Ttvi rnrHTifint fliiv F far the mmiminn aittmg inyactpr diameter using either figure 5-2 
or 5-3. 

4. Calculate tiie probability of the tether being cut, Pcux><lu>^ loission time T, measured in 
years, by 


PcuT = l~c 


The expected length of tether that will be cut off during the m iss io n, 

Lcut=Pcdt^^ 

To satisfy giiiHeline 3-1, L may not exceed L},4 ;ax> mission plan is to abandon die tether in orbit; 

T.QPJ may nnt exceed if the missKMi plan is to retract the tether at the end of m iss ion . 


Debris Passing Near Geosynchronous Altitude (Guiddine 3-2) 

Ibis assessment detemimes the maxhnum perigee altitude for a ddiiis object if it is to have an apogee 
altitude at least 300 km below GEO altitude afier 25 years as stated in guiddine 3-2. For tins analysis use 
the fiillowmg stqis: 

1. Determine the average cross-sectional area, area*40‘mass ratio, and mitial orbit for eac h driiris 
piece released. 

(See Stq) 1 for Ddiris Passing Through Low Earth Orbit) 

2. For ea ch debris object determine foe maximum «iifial perigee altitude foe object can have fix’ 
atmospheric drag to lower the qiogee altitude to 300 km bdow GEO a ltit ude in 25 years. Figure 
3-3 may be used to determine tl^ maximum perigee altitude, as follows: 

2a. Draw a vertical line at foe initial iqiQgee altitude offoe debris orbit 

2b. Pidr foe points vdiere fois line intersects foe area-fonnass ratio contours on either side of foe area- 
t&mass ratio of the debris object 

2c. Linearly interpolate in area'4o-mass ratio along foe fine between foese points to find foe point for 

foe atea-fosnass ratio for foe debris object 

2d. The perigee iy > nK»gp ninHin£ to this print is foe highest perigee althude that foe initial driiris 

mbit may have if the ^>ogee altitude is to be lowered to at least 300 km below GEO altitude 
within 25 years. 

For t'yimmplft aggime foe driiris object has an initial apogee altitude of 1,600 km above GEO and 
an area-to-mass ratio of 0.025 n^/kg. Interpolate along a vertical line for apogee altitude of 
1,600 km above GEO between contours for 0.01 in^/kg and 0.03 nP/kg to locate the point 3/4 of 
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IfaewtQrfiom 0.01 to 0.03 n^/kg. Hiis oibit has an initial iqiQgee altitude of 1,600 km above 
GEO and an initial perigee ahit^ of 400 km; in 25 yeais, addi aiea-4oHnass ratio of 0.02S 
n^/kg, the mbit will ha^ an ap<^Be attitude 300 km bdow G£0 attiftide. 

3. To fen within guidelines, the initial perigee attitude of the ddiris piece must be no higher than die 
perigee attttudedetennined by die inteipdatianpioceduie. hi die example died aboi^ the 
operatioDal ddiris object can have an initial perigee attitude no hi^ier dian 400 km. 


Brief Summary of Debris Mitigation Measures 


ffa program or project does not fall widnngnidelincs.diere are a number of mitigaliop measures that may 
be tskcQ. Tbese tnchide: 

1. Considering, ifaypropriate, orbit lifetimes for ddiristdeasedneartimes of peak solar acdvi^. Hiis 
<ytion can be inv^gatedtfthe mission start time is wdldetennined and falls within two years before 
a peak in the solar activity. 

2. Rdearing debris in orbits widi lower perigee altitiide or releasing ddiris with larger area-4o-mass ratio 
to reduce orbit hfitime. 

3. Rdeasingdditisunderconditions where lunar and sdarperturbatiops win reduce lifetime. 

4. TJmiting idease of dAris by making design diangtts^ Aangh^ npitriitinnal pmnrtvtnrftg or confining 

ddxris to prevent tdease iiito the environment 

5. The allowed kngdioftetherddnis can be maximized ifdie tether is detadiedfaom end-point vdiides 
at the cad of mission, If the tether is cut away from the endpoint vdncfcs at die end of mission, the 
endpoint vehicles are treated as payloads or upper stages for disposal guidelines. 


Measures to reduce orbit lifetimes are discussed in "Assessment of Debris MQtigation Measures," 
Vdume I of die Reference Manual for Orbital Dditis Assessments. 
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Initial Debris Orbit Perigee Altitude (km) 



Initial Debris Orbit Apogee Altitude (km) 


Figore 3-1. Orbit lifetimes for debris released in low altitade, low eccentricity orbits. Radiation pressure 
effects neglected in orbit lifetime calculations. 
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Initial Debris Orbit Apogee Altitude (km) 


Figure 3*2. Oil^ dwell times below 2000 km for debris released in higb orbit. Radiation 

pressure effects and hmar and solar gravity pertinbations nq^ected in the or orbit 

lifetime. 
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1000 



Figure 3-3. orbit apogee and perigee attitude required to knreri^ogee altitnde to 300 km below GEO 

altitude in 25 years as a function of arearto-ina» ratio. Solar radiation pressure and lunar and 
solar gravity perturbation effects neglected in orbit evidntion calculations. 
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4. ASSESSMENT OF DEBRIS GENERATED BY EXPLOSIONS AND 

INTENTIONAL BREAKUPS 

E}q}losiatis have been the primary contributor to the orbital dd>ris envircttuneiiL Some explosions have 
been acddeotalvvillioa4)oaid energy sounds providing the energy. However, some inteotioDal breakups 
have occurred as tests or as a means of disposing of spacecraft. 

4.1 ACCIDENTAL EXPLOSIONS 

Aff^Hpntal t^lnanng nf spent iipper stages have been the priiniuv souTce ofdd)ris in LEO. Thesourceof 
energy fi)r these events has been die structural feilure of pressurized volunies ot a feilure allowing residual 
faypeigolic bqiropellaiit fuels to inix and ignite. The Delta second stage was a source of such dd)ris. 
Investigations determined diat die cause of the e!q>losion was ftuhue of die common b ulkhead separating 
ifaetwofiiel conqionents. This ftuhire aUowed reddual b^rppdOkuits to combme, producing an explosion, 
the tnfKt lecent of vdiich occurred after 16 years in orbit The Delta Project OfiBce changed operating 

I *"*' die fiiels after «ympletinn of misgifms and no stage which has been vented has eiqiloded. 
In 1978, a Soviet EKRAN satellite in GEO esqierienced an plosion, with an over-pressuiiz^batt^ as 

die cause. After breakiq) of die Ari^ Spot -1 diird stage in Sun-syndironous orbit, the Ariane 

mtiYviiirftH A»gign nrwvttfirarrirmg tn prevent fiitiire explosions. In cases ^bere design and operations 
Tn/viifiratiftng haw hflfin made to Temnve stored energy sources, acdd ent al explosions have been prevented. 

On4x»rd energy sources indude diemical energy in the finin of fiids and ejqilosives associated with range 
Mier gy in ihe form of pTessnrizedvduines (as in sealed b att e r i e s and dietrnalcouttol. 
contrd, or propulsion systems) and kinetic energy (as with control m M u ei it gyroscrqies). 


GENERAL POLICY OBJECTIVE 

CONTROL OF DEBRIS GENERATED BY ACCIDENTAL EXPLOSIONS 

NASA programs and projects will assess and Hmit the probabilrty of acddental mqilosion 
during and after completion of mission operations. 


GUIDELINES 


4-1. Umtingtiie risk to o^r space systems Jrom accidental aqtlosi<ms during ndssim 

operations: In devdc^ing die design of a spacecraft or upper stage, eadi pn^ram, via ftulure 
and analyses ot equivalent anktyses, will demonstrate either diat diere is no 

credible &ilure mode fta accidental aqilosian, or if diere are such credible &ilure inodes, will 
hmit dirough design or operational procedures the probabilily of the occurrence of sudi ftilure 
modes. 

Note: As a quantitative reference, uben die probability of accidental explosion can be 
esthnated to be less dian 0.0001, die intent (^the guiddmes has been inet. 

4-2. Lindting die risk to odter space systems from a c ri d en t a l aqthsions after completion of 

mission operaftoras: An on-board sources <rf stoed cnc^ will be dqileted vben they are no 

IrmgPT T pq ^iirgd ftw misfiinn operatiogs or postmi«tian disposal Dqiletian will occur as soon 
as an operatioa does not pose an unacoqptable risk to the payload. 
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Rationale for Guidelines 


Ccnoemii%1IieiiotBtogaideIiiie4-l: by keeping the probabOi^ of accidental eq>k)siop less than 0.0001, 
the average probability of an operatmg spacos^ collidmg widi an explosicHi fiiagment larger than 1 mm 
from that ^)ace system will be less thm lO"^ per "average spacecraft”. An average spaceoafi is a 
q>acecxaft of average size average nusskn lifitime in ciicalar oibit at an altitude through vvbicfa 

e xpl osion dd>ris fragments of size 1mm or larger would pass if an explosion ocairred. The average 
probability of coUis^ is the probability of ccdlisiaa avmged over the altitude tiiat would be covered by 
the breakup cloud. 

UuderguiddiDe 4-2, explosions caused by stored energy in the fininoffluidssudi as volatile liquids, 
bipropdlant fiieis, or dectrolytes in battoies will be prevented by vendng or n«ang other depleti^ 
{nooedmes. fa die past, faihire to remove energy sources has resulted in explosion occurring anywhere 
from houis to years afiff contyletion of the iiiission. 


Method to Assess Compliance with the Guidelines 


Limiting the Probability of Accidental Explosion (Gnideiine 4-1) 

When the ^nce tystem design is being evaluated by a fiuluie mode and efibets anatysis or some equivalent 
analysis, the program or project will identity credible failure modes diat lead to accidental explosion and 
estmutte the pro^ility of those failure riiodes occurring. The risk to operating spacecrafr c^ised by an 
accidental explosion is discussed in Technical Badegtound for Assesshig Orbital Ddiiis Risk," Vofame n 
of the Reference Manual for Orbital Ddiiis Assessments. 


Eliminating Stored Energy Sources (Gnideiine 4-2) 

During ^ace system design and development, the program will identify sources or potential sources of 
stored energy devdop and inqtlemi^ a plan fiir diminating diese sources at die end of tnissiaa 

operations. Safirig procefaires to be ccosidaed iiiight indude 

• Bum residual fiids to deletion and leave fiid lines with valves open 

• Vent pressurized systems 

• Leave batteries in a permanent disdiaige state 

• Deactivate range safety systems 

• Remove power fiom control moment gyroscopes 

4.2 INTENTIONAL BREAKUPS 

Intentional bnealoys have been used to provide safe reentry of space structures and to conduct on-orbit 
tests. An imderstmdhig of die appmach taken in die evalnatinn fnr intwifinina] hn»almpg iwtpiimg an 

understanding of the devdppment of a dd>ris dood afeer breakup. 

Tmmodia trfy after breakup, die dAris clnud exhibits large spatial and tempmal changeg in thft nrmfyjitr gtinn 

ofthedduris. For exanqil^ at die point vhere the brea^i occurred diere will be no debris at times, vhile 

at oflier times die dAris elnaid den.cities will he ftiriers nf magniniHf! alvwft Itwt barJtgrn^Tiyf An operating 

qiacectaft may have a small probability of coDidfagwidi the ddirisiftfae interaction were to occur 
randomly, but a high probability of coUisimi if it passes through a r^fen of hi^ density concentration. 
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The lest piogram can avoM having such hi^ risk interactioos by coatrolling the time of ^ test However, 
because of tile maiiy pertuibatioos that occur to (d>jects in orbit and tlie seiisitivity^ to the exact time arid 
locatioa of the breakiq) event, vfiiedier operatiiig q>acecraft will pass tfirou£}i regioDS of high debris density 
Anairgntia tinn rsiti rally a few ifays before the tesL Consequently, tfac assessincut 

and contnd of this risk must be pet&nned immedia^fy before the lest 

\^tfain a few days afier breakup, the dd>iis becomes more umfbnnty distributed within the doud and ^ 
doud readies a state called the pseudo4orus. Within a few weeks to a few months after Ihe test, die dd)iis 
tn a shell crmfigiiT atifin By the time die ddiiis cloud reaches die pseudcHtorus state, the 
probability of cdlision between die debris doud and (^ler objects in space can be calculated assuroing 
random encounters. Ibis nteansdiat die risk to odier users of space can be charactaized by quantities 
as die area-time and object-time product for die ddiris doud. These quantities, which dqiend on the 
breakup alritiide and the general characteristics of the breakup process, can be calc ulated early in die 
devdopmeot process for die testing program. 


GENERAL POLICY OBJECTIVE 

CONTROL OF DEBRIS GENERATED BY INTENTIONAL BREAKUPS 

NASA programs and projects will assess and limit the efiEect of intentional breakups on 
other users of space. 


GUIDELINES 


4-3. IJmting^ long-tenn risk to otiier space ^tems from pkpvKd tests: Flanaedtsst 
#nfpifigir»n< ot intentional c ollisions wOl be at an altitude sudi that for debris 

f ra g ments larger than 1 mm: (a) die aiea-4ime pioductdoes DOt exceed 0.1 nP-yr, and (b) die 
object-time product does not exceed 100 object-yr. No debris larger dian 1 mm will remain in 
orbit koger than 1 year. This guideline is similar to gnidelme 3-1 for debris generated during 
normal operations. 

4-4. Limiting tiie short-term risk to other space systems from planned tests: hmnediateiy before a 
platwwH e* r^*^**' ^ intentional c ollision, the probability of ddllis larger than 1 mmfilom 

die ht ealoip colliding wMi any operating qiaceciaft will be verified to not exceed 10^ 
immeHiatety after btealmp when the ddllis dmid presents leponsofhidi ride fig odier space 

systems. 

4-5. limiting die risk to otiter space systems from brealaq> as a planned reentry procedtm:T\ao 
pianneH destruction of a structuie as a routine reentry procedure wiU occur at an a ltit ude no 
higher than 90 km. 


Rationale for Guidelines 


These guidelines reflect die approach taken within the U.S. space program to limit die debris contribution 
ftom on-oibit tests. After die P-78 (SOLWIND) ASAT test, subsequent tests, such as the Delta-180, were 
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reviewed by a safety pand for lhar near-tom threat to opeiatii|gq>aceciaft(8mddhie 4-4) and for tiieg 
kagtom contribution to the oriatdddmsenvmHiment(giiiddiiie 4-3). 


Ddtris fiom iDtentunal bieakiq) rdeased under gnideiine 4*3 ofdiis section weald be no more of a 
contributor to d» long tom growth of die orbital debris enviranment riian ddnis released onder guidelines 
for nonnal operations (guideline 3-1). Thelimitofl year fm orbit lifetimes for debris huger dian 1 mm 
prevents die accurmilatian of debris from intenrional breakups. 


The risk to other usees foom concentratians widiin foe debris doud whidi occur inonediatefy afier breakup 
is hmited by gniddiia 4-4 to no more than foe risk rquesented by other ddiris dqxrsMon events sudi as 
release of opoarional ddiiis. 


GuiddinB 4-S ensures foat an debris from planned satellite destruction as a part of foe reentry disposal 
procedure win deorbit wifoin a few hours. 


Method to Assess Compliance with the Guidelines 


On-Orbit Tests (Guidelines 4-3 and 4-4) 

The evaluation procedure for planned test breakups uses guiddine 4-3 for long-tom planning conducted 
during pr ogr am devetopment, and uses ggiddine 4-4 fig rieartomplaiuimg con duc t^ inimediate i l y (a few 
days) before the test The objective offoekng-tom plan is to understand and control foe inyiact of foe test 
on foe space environmeoi in general; foaf of foe near-tom plan is to centred foe risk rtf damage to aperatmg 
spacecraft. 


The stqn for perfaming foe evaluation are 

1. Define a Inealapmodd for foe test A breakup modd describes the ddnis created in the breakip 
process in tenns of foe distribotians in size, mass, area^tHuass ration and vdodty^ inparted at 
breakup. Astaiidaidhreakipinoddusedfigddiiisenvitoninentevointion calcnlari a n sinaybe 
aooqptidde for a test, m foe breakup modd itt^ require taking into account specific diaiacteristics of 
foe planned test Standard breakup models or support for defining specific breakup models &tr a given 
test ms^ be obtained fiom foe Solar Sjrstem Exploratkm Dtvisian at NASA Johnson Space Center. 

2. Calculate and sum foe area-time and <d)ject-fone products for foe dduis as defined by foe breakip 
modd and foe state vector at foe time of breakip. This procedure is described in detail in dupter 3. 
The debris assessment software may be used to calcnlate initial state vectors for foe debris fii^^ments 
and foe resukhig orbit lifetimes. Conpare these summed products wifo foe giriddines. 

3. Verify that no ddnis larger foan 1mm win have an orbit fifetime greater titan 1 year. 

4. At the time of the near tom evahiation, conducted a few days pruM* to die test use the 
USSPACECOMMAND dement set data to verify that imnmfod^ afier htesdop no operating 
paoecraft will have a probabilify of collision greater titan 10^ in passing tiirougbi'^toiis of fogh 
densify of debris larger titan 1 mm. Special software is generalfy required to anafyze tiie ddtris doud 
characteristics imni^iately after breaktp. For programs requiring dement set date or assessment 
support contact tiie Solar System Exploratian Division at NASA Jdmson Space Center. 
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Pbumcd Destruction as a Reentry Procedure (Guideline 4-5) 

Rdie guideline fisr the breakiq) attitude of 90 km or below is followed, no additional assess m e nt is required. 
If die breakup is above 90 km, the disposal procedure is treated as if it were a test bteakiq} and tbe 

as sessment procedure for on-orbit tests is followed. 


Brief Summary of Debris Mitigation Measures 


To lower tbe risk associated with on-oibit tests: 

1. Lower die altitude at vdiidi tbe breakup occurs. Ibis is by for tbe most efifective response for reducing 
bodi tbe near-term and long-term risk fo odier users of space. 

2. Lower die perigee altitude oftlie orbit of tbe test vdiicle(s). 

3. for p erfnrmirig a test by a few minutes to allow spacecraft or large debris to rnove 
away foam regions of higb flux cooceotratioa. 
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5. ASSESSMENT OF DEBRIS GENERATED BY ON-ORBIT 

COLLISIONS 


This secdoo covers d^iis geneiatiaa by landom aa^nbit coUisaca during missian operatioiis. Tbis 
iodoides botii die direct geoeiatiaa of debris by collision between die space vdiicle and anoth^ large object 
in orbit and the indirect or potential generation of ddiris vdien collision widi small debris damages die 
vdiide to prevent its dispt^ at the end of missioa operations, and making it more likely diat the vdiide 
win be fiagrnented in a subsequent collisian widi another large object in orbit 

WhOe it remains intact, a spacecraft or iqiper stage r ep r esent s a smaflctdlision risk to otiber users of space; 
however, once it is fiagrnented by coDision, die collisii^ fiagments present a risk to other users diat is 
orders of magnitiide larger. Because ofthe large collisioo velocities, a debris object much smaHer than die 
spacecraft wdl cause fiagmentation (referred to as catastroidiic collision). For purposes of evaluatum, 
debris of diameter 10 cm and larger wfll be assumed to cause such cataarophic collision. 

Catastrophic collision during missian operations represents a direct source of ddiris, and the probability of 
dusoccuniiig is addressed by guideline 5-1. However, ifaqiacecrafi or upper stage fiils to perform 
postmission disposal it becomes a potential source of ddiris because a structure diat is abandoned in orbit 
m^ subsequendy experience c a tastr op hic breakiq). The probability of such an event occurring as a result 
of tfamagitig inqiact with small debris is addressed by guideline 5-2. 


GENERAL POLICY OBJECTIVE 

LIMIT THE GENERATION OF ORBITAL DEBRIS FROM 
ON-ORBIT COLLISIONS 


NASA programs and projects will assess and limit the probability of operating space 
systems becoming a source of debris by coOiaons with man- made ddiris or meteoroids. 


GUIDELINES 


5-1. ColbsUm with large objects during mission openOUms: In devdoping the design and rrussion 
profile for a spacecraft (v iqiper stage, a program should estimate and evaluate foe probability 
of collisian wifo ariofoer lar^ object dut^ inissiaa operatioos. 

Note: As a quantitative refoenoe, when foe probability ofcoDisian with large objects is on foe 
carder oforl^foan 0.001, foe intent offoegniddme has been met For programs using 
tefoers, foe tefoeritsdfne^ not be considered when estimating foe collision probability with 
large objects. 

5-2. CoUisimi widi smaU debris during mission operations: In devdoping foe design of a 

qacecraft or upper stage, a program should estimate and limit foe probability of collisions 
wMi email HArig «f siTe efficient to eamie loss of cfTtml to prevent pos tmLs.sion disposal. 
Note: As a quantitative reference, vfoea foe probabilrty of oofoskmu^ debris leading to loss 
of control or inability to conduct postmissioadi^)Osal is on the order of 0.01 or less, foe intent 
of the guideline has been met 


5-1 







Rationale for Guidelines 


GuideUne 5-1 liniits Ifae amount of dd>ris tiiat will be created by coDisians between qiacecraft (n upper 
stages in LEO or GTO (geosynchronous trans&r orbit) and o&er large objects in orbit By keeping the 
probability of collision betwra a spacecraft or upper stage and odier large objects to less than 0.001, the 
average probability ofanoperatmgqraoecraftcollidirigiiriifacQllisiopfiagiiMnts larger Aan 1 nwn 
that spacecraft or upper stage will be less than 10~^ per "average qracecraft". An avnage spacecraft is a 
spacecraft of average size v/iA average mission li&^ne in circular orbit at an altitiiffe thm ngh which the 
fiagments from such a collision wwrld pass if the collision occurred. Ibe average coUision probability is 
die probability of collisioa averaged over the ahhude diat would be covered by ^ breakup dood. 

Guiddine 5-2 limits the probability of spacecraft and iqiper stages beirig dis ab led and left in orbit at the end 
of mission, which would contribute to the long-term gro^ of ^ orbital debris errvinmment by aihg^qnmt 
collisional fragmentation. 


Method to Assess Compliance with the Guidelines 


Conisions with Large Objects During hDssion Operations (Guideline 5-1) 

For misskms in or passing dnou^ low Eardl orbit (LEO), die pmhalMlityofa^iaceiiy gtein h eing hit hy an 
intact structure or large debris object during its li^ p, can be rqiproximaled by* 


P=FxAxT 


(5-1) 


where 


F = cross-sectional area flux fiy the orbital debris environment, taken fiom figure 5-1 
A - average cross-sectional area for the space system in 
T = missian duration in years 

The orbital debris flux is taken to be 0 for altitudes above 2000 fan The flux for meteoroids 10 cm in 
diameter or larger is n^gible and can be ignored. 

For a circular mission orbit the debris flux is taken fiom figure 5-1 at the mission orbit altitude. 

For an eccentric mission orbit, break die orbit into altitude irUervals such that the d^iis flux does not vary 
by more than a &ctor of 2 over aity intervaL Weigbl ibe flmt in each aititiMfa interval, taif™ fiom figure 5- 
1, by die fiaetkm of time spent by die vehicle in that altitude interval to yield a timoweighted debris flux. 
The ficaction of tinae qient in an altitude interval is qiproKiixiated by dm ratio (tf'tfae size of die altitude 
interval to die difierence between die iq;x)gee and perigee altitude of die orbit For eccentric orbits, F is die 
sum of the time-weighted dtiiiis fluxes. The ddiiis assessment software may be used fiir a more exact 
calculation of P or fiy an exact calculation of fiaction of time spent in an altitude intervaL 

The average cross-sectional area is die cross-sectional area averaged over aspect For a sinqile convex 
space system, it is 1/4 the sur&ce area. A single convex qiaoecraft body with solar panel wings may be 
given an average cross-sectional area that is 1/4 the surfiux area ofdie spacecraft bo^ plus solar panels. 


* The exact eiqiressian fix’ diis probability is P = l-e“^^^ , vdlidi is appnmrimatPirf by Etyl. 
5-1 when die product FxAxT is less 0.1 
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For highfy iir^lilar q>acecraft shapes, an esdmale of tiie average cross-sectional area may be obtained as 
follows: A»*»iwfnftlha viaro that yielAg the mayimiim cmss-s ectinnal area and denote the cross- 
sectional area as Amax ■ Let Ai and A 2 be the cross-sectional areas for tiie two viewing directions 
octiiogooal to V. Then define ^average cross-sectional area as ( Amaif + Ai ->-Ai)/2. 

For systems in or passing tim>ugli geosynchronous oibit (G£0), no assessment is required for collisioa 
widi intact objects large debris, r ollisions between operating spacecrafl: will be avoided bv preventing 
f ?dm fiiequency interfer ence between satellites which follows the historical practice for controlling 
o perating s pa c ec raft in GEO. The population of large debris objects in GEO is tiiou^it to present 
n^Jigible liskto qierating q>ac6ciaft and can be ignorod. 

CoDisions with S mall Debris During Mission Operations (Guideline 5-2) 


lnq)act wifo srnaU (millimeter to centimeter or milligram to gram) meteoroids or dd>ris can cause 
considerable damage because foe inqiacts uaially occur at Mgh velocity (~10 Im^sec for dri>ris, ~17 
iffTi/g cc for meteoroids). An obvious failur e mode caused by dri>iis or meteoroid inqiact is for the impact to 
puncture a hole in snme fluid container, causing leakage. However, many failur e modes are not so obvious. 
For t’acample foe shock pressures produced by an inqiact on the wall of a pressurized tank can damage the 

tank wall and cause tile tank to nqiture even tiiou^ the inqiactcH’ m^ not be large enough to puncture die 
waU. Sf»«v» clf^^'ral cn»npr«n<*«i* ft>iliin»g havft hflMi suspected tO have been caii*^ by debris impacts, eitiier 
directly by severing wires or indirectly by rg»n*hig riectiical **nnpfiiv»nts to short circuit when eeqiosed to 
mdted alumimim ejecta or the plasma cloud genoated by a nearby fayperveloaty inqiact 


The following evaluation process is used to determine vfoefoer damaging inqpacts wifo small driiris could 

reasonably prevent successfol postmission disposaL The prooedure estimates the probability that meteoroid 
or orbital debris inqiacts will cause conqxxieiits critical to postmission disposal to £uL Iftiiis es tima t e 
shows that tiiere is a significant probability of foiluie, a ftn penetration analysis should be conducted to 
guide any redesign and to validate aity shielding design The procedure outlined below should not be used to 

design Yielding 


To esrimate the pixfoability tiiat impacts wifo sniall meteoroids or orbital driiris will prevent postmission 
disposal: 


1. Identity flv».en«nprinents critical fhr postmi-ssion disposal and fog Surface in foe compongit that, when 
damaged hy im pact will cause foe conqiQnent to faiL Hiis surfaoe is tfinned tiic “critical surfoce”. 

Fyamples of Critical conoKHients wwJnde pippellaiit lines and piopeDant tanks, dements of foe attitude 

. « a «• « r ; 1 11^^ 


Th e crit ira t surfar^ critical compcnent depends on the type of failure for that CQmpcment. For 

exanq>le, tiie foihne of an unpressurized propellant tank might onty result firom foil penetration of die 
tanlf wall; in this case the critical surface would be the interior surface of the tank wall, and foe tank 
i»all i fiedf may heti y^ed pqrt nf the material shidding the surface from the environment. However, 

a pressurized tanir may foil from an impact-tndnced surface flaw or pressure shock on the e xternal 

soifoce of die pressure wall; in tins case tiie critical surfoce would be tile extecoal suifoce of tike tank 
wall The inna' surfoce of an dectronics box would be foe critical sorfoce for most electronic boxes. 


2. raiciilatft t he at-risk surface area for tiie critical surface of each critical component A} . 

To caicniam th ff at -rislf area for a critical surfoce first determine tiiose parts of tiie critical surfoce that 
will be th e pT rdnminant cnntri hutnr to failure. Those will be foe paits most eiqiosed to Space, and 
maybecoiuideiedmtwocases. hi tiie case where the critical surfoce is equally protected by other 
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^jacecraft conqxnents no part of the sur&ce is the m^or ccotributor and the at-dsk area is tiie total 
area of the critical sui&oe. la riie case \riiere some parts (tfriie critical sui£we are more oqx)sed to 
q>ace than oriier parts, the at-risk area is the sur&ce area of ti»se parts of the critical sur&ce most 
exposed to space. 

Fa: example, if an dectronics box, having as its critical soi&oe liie mner sui&ce of die box, is 
attadied to the outer wall of the vriiicle, ^ at<idc area will be die area of die inner sur&ce of die box 
GO the side attached to die outer wall 

The area at risk is now aniected to give an average cross-sectional area at ridt. Conrecting die 
surface areas to average cross-sectional areas has two cases. Fa vehicles that maintain their 
oiientatian rdadve to the vdodty vector die average cross-sectional area at risk win be the area 
prcgectedinthedireatdirectioa. For random tumbling vebides die area wffl be 1/4 die projected area 
widi die greatest eaqiosare to qiace. 

3. For eadiabrisk surface dement, identify vriudeconqioaents and structural material between the 
surface and spiace diat will help protect that surface. 

Odier vefaide components and structural material between a critical surface and the meteoroid/ddms 
k^er of material acting as a shidd in the directioa where there is least material to act as a shidd. 

4. F.stimate die mhihnumineteorMd or orbital debris impactor diameter diatwfll damage eadiatnisk 
qirfarift dement. 

To estimate dm nnnimnm hnpactor diarneter first estimate die amount of material shidding die surface 
dement from the environment To do dus, estimate the total areal densifyofvdndemate^ between 
dm al-ddc surface of each oooqioaent and die enviroameat, 0 {. Areal densifyofa material is dm 
mass densify, p, in grams per cubic centimeter, times the diidmess of dm material, 5, in ce ntim ete r s;. 
That is 


a [gm/cm^ = p [gm/cm^ x 5 [cm] 

The units on areal densify are grams per square centimeter. Ihe total areal density between dm at-risk 
surfime i and dm en vir o nm e n t, a^, is dm sum of dm areal densities of dm materials along dm liim 

at-rislf tn iha WTvi rrwrwit 

For diaracteristic meteoroid and orbital ddiris materials dm niininmni meteoroid / orbital ddiris 
diameter diat will penetrate tins areal densify, d| , will be 


d^ [cm] = K X [gm/cm^, ubeteK=O.07 (5-2) 

Hus cakulatian of debris diameter is conservative in dm sense that it gives a lower bound on dm size 
ofddirisdiat might be eaqiected to penetrate dm given areal densify of mateiiaL For qiecialfy designed 
debris shields, K values as large as 0.35 can be achieved fora 'Wh^spleriueld and 0.70 fora niulti- 
layered, multi-shock shield. The quoted K values are onfy meant to give estimates of shielding 
efiEectiveness; ifdmre are potential problems with damaging hiqiacts found via this analysis, shielding 
e3q;mrts with more rigoous analysis tools should be consulted. 
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5. Detennine the eq)ected number of failures for each critical dement, h^. 

For a vehicle in circular orbit at altitude H, the expected number of failures is the cross-sectional area 
flux, F(dj ,H), taken flam figures 5-2 or 5-3 for the debris size determined in Step 4, multiplied by 
the planned mission duratiaa,TQ|, in years, multiplied by die area of the atHisksiufaix, A|,as 
detmmined in Step 2, muhipiied by L factors, ixdiidi are correcdon factors fiir the vehicle attitude 
profile as defined in table 5-1 and die associmed discussion. Calculate hj flmn 


hi = {Lman IkAN(di.H) + Lmet ^ JWr(di.H)} X Tm X Aj (5-3) 

For an eccentric mission orbit, break the orbit into altitude intervals conesp<»iding to die altitudes 
defined fiir the orbital ddiris environment in figure S-2; note that the meteoroid environment provided 
in figure 5-3 is independent of altitude. Wei^ die flux in eadi altitude interval by the flacdon of time 
spent by the vdiicle in that attitude interval to give a dme-wei^ited flux. The fira^on of time spent in 
an altitude interval is approximately equal to die size of the altitude interval divided by the difference 
between the tqiOgee and perigee altflude of die orbit For an eccentric mission orbit, I^^,{^and 
are the mm of the dme-weigbted ddiris and meteoroid fluxes respecdvefy. The values ^ ^ 

L vnr r remain as defined in table 5-1. The ddiris assessment software may be used for a more exact 
ralrailatinn of h^ OT for an exact calculadoo of time flacdon spent in an altitude interval. 

For a vehicle that maintains a constant attitude reladve to its vdodty vector, die L value for a cridcal 
surface dqiends onthe orientadon of die surface as shown in table 5-1: 


Table 5-1. L Factor Values for Critical Surfaces on Vdiicles 
Stabilized Relative to the Velocity Vector 


Surfime^ 

Ddiris (I^iam) 
Meteoroids (Lmbt) 


Front 

Side 

Top 

Bottom 

Rear 

3 

3 

0.01 

0.01 

0.02 

2 

1 

2 

1 

0.2 


$: Front = fltciiig direction of motion; Side = perpendicular to direction of motion, surface of 
Earth; T(^ = facing the zenith; Bottom = faci^ die center of die Eardi; Rear = facing opposite 
to the dii^on of motion 


For surfiices tiiat are not facing one of die orthogonal directions, use an L value for die closest 
orthogmal surfiice; if a surface is not close to ai^ (Hdiogonal surfiice use the average of the L values 
of the brnmding orthogonal surfaces. If die vdiicle does not maintain a fixed attitude relative to its 
velocity vector, use an L value of 1. 

6. ralrailatft the oqiected number of failures for flulure of postmission disposal critical elements, Fc, by 
gimming tfae eiqiected numb er of failures for eadi dement, as detnmined in Step 5. This sum is 
expressed as 
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ifc=Z'‘i 


(5-4) 


7. Calqilateflieprobabili^of&iliireofone or mote critical danenis, Pc^asaresnltrfinyactwith 
ddnisby 


Pc=l-e-*t *Fc 

srfiere the a pproxima ti on in the last step is valid 0.1. 


(5-5) 


Brief Summary of Debris Mitigation Measures 


1. a LEO pipgram or pnyect has a higlipnibalnlity of ooUidiagwitii huge objects doting its missiaa 
life, tiiere are several mitigatifin measotes that may be taken. These incfaide 

a. niangmgtim planned mission print altitude to reduce tile expected collision probability. 

b. tfv* H ag i ^ n ctXX W***^^***^^ atwa anH ijh^. gxpCCtgj 

ooDisian probability. 

2. Thete ate maity mitigation measures to reduce the probability tiiato()IK.*gonsnadi small ddiris will 

disdile thft spacecraft 5»tvt pi e v eo t postmissicn di^xisaL These measotes use the that 

tile ddxris thi^ is ditectianal (for maiHnade ddiris, hi^ily dtecticnaO and tiiat tile diiectiaaal 
distribution can be predicted confidence. Des^ responses to reduce fiulnte probability include 

q f flnmp n th fn f smA/ nr StniCtliral IC-flTEa&gCQlCOt c£ OOBSpODCBtS tO ICt ICSS SCDSltive 

conyonents shi^ more sensitive components, use ofredundantoonyonents or systems, and 
conqiartmentalirixig to confine damage. Since there are numyahenatives to pursue fin reduemg 
vohieiafaility to inqiact witii smaU ddnis, some of them requiting mriqilh finniliarity with 
Iqpervdodty inqiact effects, if a significaxit reduction in fitOnre probability is reqni^ it is advisable 
to contact a ddiris grovqi at one of the NASA centers for assistance. 
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6. POSmiSSION DISPOSAL OF SPACE STRUCTURES 


The higtniriral practice of abandcning spacecraft and i^q>er stages at the end of nussioa life has allowed 
mngMy 2 millifin kg of did)iis to aminnilatpi in oibiL If this piacdce contmues, cdnisioDS between these 
objects will, widiin the next SO years, become a major source of small debris, posing adireatto space 

lhat is virtually in^)OSsible to control. The most efEective means for preventing fiiture collisions 
is to require diat all spacecraft and upper stages be removed from die environment in a timely manner. 

Such a requirement, however, would entail great cost in many cases, and there are regions of space where, 
fhr thft future, disposal of these systems could be made ixddiout creating a si gnificant risk to 

fiitureusers. As a result, a varied of disposal options are presented in the guidelines. These guid el ines 
TP piwggnt an meit^hn d for cmitrolling growth of the environment vdule limiting the cost impact on 

fiUure programs. 

To provide a context for die guidelines, three high-vahie rufous of space can be ident i fie d. These are 

• Law Earth orbit - The region of space to 2000 km altitude 

• Geos)9icAranous forth orhrY- The r^onofqiacecontaming die neatfy circular 24^iour orbits. This 
T Pgifin hM tw<»n itftfmflH tn he within 300 km of die altitude for geosvndiranous sat el lit es (fiom altitudes 
35,488 to 36,088 km, centered on 33,788 km). 

• Setnisynchronous orbit - The r^ion of space containing die neariy circular 124iour orbits. This r^ion 

W iwm tn within 300 km of die altitude for satellites in circular 12-hour orbits (ftom 

altitndeg 19,900 to 20,500 km, centered on 20,200 km). 

In general, die postmission disposal tertians are (1) direct retrieval and deorbit, (2) maneuver to an orbit for 
which atmospheric drag will remove die structure widiin 25 years, and (3) maneuver to one of a set of 
disposal T^ions in which die structures will not interfore with foture space operatians. Stor^ orbits in 
itig pngal Tt yrmg may he u5ad to dispose of space systems at end of mission. These options are 
summarized in figure 6-1. Most GEO programs ^^trsms&r to the siq>er-<j£0 storage orbit; highly 

high perigee althiKte programs might transfer to a sub-GEO storage orbit rather than lowering 
perigee to reenter. Programs using semisyndironous orbits mi^it use eidier die km- or high~altitude 

storage orbit; LEO programs with missinn orbit altitiufeg above 1500 km mi^it choose to transfer to the 
low-altitude storage orbit radierdian transfer to an orbit widr a 25-year lifetime. For a program which 
pia>v»g a structure in an orbit for eventual atmospheric reentry, there nu^ be restrictions on the disposal 
maneuver if a gignifirant amnimt of structure might survive uncontrolled reentry. 


6-1 



Disposal 

Region 


I Super GEO 
I Storage Obit 


Geo-Synchronous Orbit 

+300 km 


Regime (GEO) 

-500 km 



i 

High Altitude 
Storage Orbit 

i 



f 

Semi-Synchronous Orbit 

+300 km 


Regime (SSO) 

-300 km 



i 


35,788 km 


20,200 km 


Disposal 

Region 


Low-Altitude 
Storage Orbit 


Disposal 

Region 


+500 km 


2000 km 


Low Earth Orbit 
(LEO) 



FigDre6-l. Pi«p«wal regimn* and rtmragf apfinm# fnr 
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GENERAL POLICY OBJECTIVE 

POSTMISSION DISPOSAl, OF SPACE STRUCTURES 


NASA programs and projects will plan for the di^o^ of launch yehid^ upper stages, 
payioao^ otho* spacearaft at the end of misaon life. Postmission disposal will be used 

to remove objects from oibit in a timely manner or to maneuver to a disposal oibit where 
the structure will not afreet &ture space opnations. 

GUIDELINES 

6-1. Disposalforfirud mission orbits passing t!v^<mghl£0^^ A spacecraft or upper stage wifli 
perigee below 2000 km in its fitial tnission orbit will be disposed of by one of three 

methDds: 

a* Atmospheric reentry option: Leave the structure in an orbit in i^duch, using conservative 
projections solar activity, atmospheric drag wiU limit ftie lifttiine to no l onger than 25 

years after c<v«pl gt ion of migrion. If drag devices are to be used to red u ce 

ftse orbit it sh ou l d be demonstrated that such devices will significantly reduce 

area-time product of the system or will not cause spacecraft or large debris to frag m e n t if 
a collisicm occurs ^ule ftie system is decaying fixan orbit 

b. Maneuvering to a storage orbit between LEO and GEO: Maneuver to an orbit widi 

perigee above 2500 km and apogee attitude below 35,288 km (500 km below 

GEO altitude). 

c. Direct retrieval: Retrieve die structure and remove it from orbit within 10 years afrer 
conyletion of mission. 

6-2. Disposal for final mission orbits witit perigee altitudes above l£0: A spacecrafr or upper 
stage with perigee above 2000 km in its final mission orbit (exc^it fin’ orbits a d d r essed 

in gnidftline 6-3) shpuld be disposed of by cither of two meftiods: 

a. Maneuvering to a storage orbit above GEO altitude: Maneuver to an orbit with a perigee 
flititndft above the pHO althiide by a distance of at least 300 km + [1,000 x average cross- 
sectional area (m^) / mass (k^] km. 

A program will use the postmission disposal strategy that has die least risk of leaving the 
vehick near GEO in die event ofa&ilure during die disposal process. Because of fiiel 
gauging imc^tainties near die end of mi5Kion, it is suggested that the maneuver be 
peifioimed in a series of at least fi)ur burns vMch ahemately raise ^x)gee arid then 

perigee. 

b. Maneuvering to a storage orbit between LEO and GEO: Maneuver to an orbit widi 

perigee ^ititnde above 2500 km and zpogpe below 35,288 km (500 km below 

GEO altitude). 

6-3. Disposalforfinal mission ojbits dust are near^rcular 12-hour orbits: A spacecraft or 
upper stage perigee altitude above 19,900 km (300 km bdow die altitucte for 12-hour 
circular orbits) and sqiogee ^ifitiideg bdow 20,500 km (300 km above die a lt i t u d e fin 12^i0ur 
circular orbits) ^^hnnld be maneuvered to an oAit with perigee altitude above 2500 km and 
zpogoe below 19,900 km or to an orbit whh perig^ attitude above 20,500 km and 

apogee al tihid e below 35,288 km (500 km below GEO altitude). 

&A, Reliability of postmission disposal operations: In developing the design of a spacecraft or 
upper stage, a program will identify limit aD credible frilure inodes that could prevent 

success^ poshnission disposal 

Note: As a qoaiititativerefiuence, when the probability of successfiillype^rming the 
postmission disposal maneuver can be estimated to be 0.99 or greater, the int e n t of tbe 
guidelines has been met 
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Rationale for Guidelines 


The intent of giriddine 6>la is to lemove spacecraft and iqiperstiiges in LEO fiomtiieeavmxiiiient in a 
reasonable of time. The 25-year rentovaltmrefiom LEO pievaits tire ddnis environment from 

growing over tire next 100 years ^lilelimitmgftre cost burden to LEO programs. Spacecraft and iq^rer 
stages in mission orbits with perigee altitudes bdbw 600 faw will usually have oibit lifeHnwg ]gss 25 

years and adlL tireiefine, automatically satisfy this guideline. This goiddine win have the greatest inq>act 
on programs widi mission orbit perigee altitu^ ab^ 700 km, wlim objects may remain in orbit 
hundreds of years if abandoned at ftre end of mission life. 

Guideline 6-la empha.sizes die liniitalious of usir^ drag gnhatu ^ ient devices to reduce orbit lifetime. Drag 
enhancement will increase the total area of the spacecraft <x upper stage and may do little to reduce the 

pnibability^ofhitting large otgects in die environment even dxx^ the orbit lifetime is reduced, his, 

dierefimc, essential to demongtrate diat rirag wnhanfiement tint in <ar» wyniwnt ?n pak tn 

odrer users of q;>ace. 

As stated in guiddines 6- lb and 6-2b, di^xisal mbits between LEO and (SO must have perigee altitudes 
above2500km. Objects in these orfaitS will havealowpirhahnity nf cnIKgifm (thft a irrent rate ic than 

1 per 1000 years), ff a Colli.<ann does occur, very afle &bris ftnm that crJKginB win W enrmgh tn 

place spacecraft in LEO at risk. Dqrendiog on tire number, and orbit diaracteiistics of otyects usmg 
diisdiqxisal orbit option, die sqiarationfiom LEO may need to be increased in tire future. 

qiaceciaft and iq>i» stages are placed in diqiosal orbits between LEO and (SO, the constraint on 
qiogee altitude in guiddines 6-lb and 6-2b to be no hi^rer dian 500 km bdow (SO attitude prevents hmar 
and solar per t u rb ations from cansirjg these structures to interfere vrith GEO sateUile operations. Ifa 
collision does occur in these disposal orbits, very little debris fiom that collision will come high enou^ to 
place GEO qiacecraft at risk. 

hi guiddiire 6-lconfy 10 3 rears is allowed for planned retrieval after oompletion of die mission. This time 
is shorter than die 25 jrears fiv mbit decay anH twwihy in 

leaves the qiaoe system in high value r^jons of space, whereas transfer in an mbit with rwhi ced HfetinM- 

lowers die perigee of tire final mission orbit and reduces die fiaction of time qrent in high value r^ions of 
space. 


Ushig g uideline 6-2a, tire r^ion of qiace above GEO «ltitiiA» can be used as a dii yo sal r^h>i widi litde 
concern for ddiris buildup because of the low relative vdodties, large regions of available qiace, and 
idativ^ low trafiBc rates in dus area. In the near fidnre, tire 300 km attitude sqreration will be sufi&cient 
to isolate the diq[>osal region finm GEO if stqis are taken to remove on-board energy sources after 
conyletion of tire p os t mission dispo^ maneuver (g ni dd hre 4-1). However, depending on tire levd of 
trafBc to C£0 and on tire chazacteristic sizes of future GEO satellites, dus separation distance m^ need to 

be increased in tire fixture. If measures are nnt talcen tn pnevant CTplr>gf w wnu-tnral feilntift rfia pngal nf 

CSO s}^stems, a sqiaxation distance of —2000 km win be tenured to isolate the diqxisal r^ion fiom G9EO. 
The four burns prescribed in guidehrre6-2a take mto account fad gaugjrgliinitationsvriiidi ate 

patticulaify serious at die end of missiaos. Given that them wnll tv* sign i fit-an t imnertattity to th<» imifB-mt 
offildremahring at die end ofmissiQnTtirete will also be some uncertainty as to wheAer diene is ennngh 
fild to oonqilete die disposal maireavers. Htbere is not enough fud to oonqilete die maneuvers, a plan 
usirg feor smaller bums to maneuver to the disposal mbit will leave dre spacecraft or upper st^ ferdrer 
fiom C3BO a lt i tu de than would a plan using two bums. In plamung die postmission disposal, oucertainties 
in fiid gaugmg should be considmped in tire assessnrerit of reliability. 
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In 6-3, a program widx a near-circular, 124iour orbit will need to man e uv er to a disposal orbit 

above or below sexnisynchrooous r^toiL Tte separation from senusynchroiious circular orbit is at least 
300 1™^ so solar perturbations will not cause these objects to interfere wife spacecrafi operating 

in 12-h^ orbits. 

To satisfy guideline 6-4, systems should be removed from usefol regions of space wife a high probability of 
success. AreliablepropulsionsystemwillhaveaprobabilifyoffeilureQnfeeorder of 0.01. Failure of fee 
propulsion system be fee primary source of feilure to perform su c cessf u l post m iss ion disposaL 


Method to Assess Compliance with the Guidelines 


Limitiiig Orbit Lifetiine Using Atmospheric Drag (Guiddine 6>la) 

The amniiTit of time a stnictuie will remain in orbit depends on its final odnt and on the area-to-mass ratio, 
as discussed in ch^jter 3. The evaluation in Ibis sectianfidlowsdiat developed finr guideline 3>1. 

The stq>s indie evaluatiaa are described below. 

1. Determine die final mass and average cross-sectional area fiir die S3^5tem. 

In calculating die final mass of the system, aiqr fiid mass used for postmission disposal and any mass 
wnrtfH yg a part of dift safing nf difi stmcbire should be deducted fiom ifae final mass. The average 
aross-sectiaaal area is die cross-sectional area averaged over aspect. 

Pnr jrim ple convex objects, the average cross-sectional area is 1/4 the surface area. Forasinqile 
convex s pace c r aft body with solar panel wings, calculate tbe average cross-sectional area from the 
surfime areas of die spacecraft bo(fy, A^q^, the solar panels A^, as (A^x)^ +Agp)/4. 

For highly irregular s pacecraft sfatqies an estimate ofdie average cross-secti o nal area may be obtained 
as follows: dptftmime die view, V, that yields die maxinnim cross-sectional area and (fenote the cross- 
sectional area as Amax- Let Ax^ A 2 be tbe cross-sectional areas fi)T the two viewing directions 
CHtfaogonal to V. Then define die average cross-sectional area as (A „«v -1-Ai +A-))/2. If a structure 
will be gravity gradient stabilized, die average ooss-sectional area perpendicular to die line of flight is 

used. 

The area-40-mass ratio fi>r die system is die average cross-sectional area in square meters divided by 

fee in kQograins. 

2 . Calculate die orbit lifetime in die final mission orbit 

Ptrtw^f hft prfKXrdn re s degerihed in this sactiop or die ddiris assessment sollwaremay boused. Iflbe 
d ffbr is aggegqnent software is used, die solar activity should be set to 130 solar flux units (sfii). To 
calculate orbit li&time using die figures in the standard: 

a. TfOcatc the altitude for the final mission orbit in figure 6-2 for low altitude 

near-circular orbits or figure 6-3 for highty eccentric orbits. 
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b. bdeipolate between tbearea-lo^nass ratio contour values cadlfaer side ofibeotbit to get the 
area-4oHnass ratio required for a 25-year orbit lifedme. 

c. l^tfaeareaHo-inass ratio for the project space system is less than tiiatdetenniiied in stq> 2b, tbe 
orbit lifetime in die final mission orbit wffl exc^ 25 years. 

3. Plan to transfer to an orbit wife reduced lifetinie, if orbit lifetinie in final missian orbit exceeds 25 

years. 

If fee orife lifetime in fee final mission orbit exceeds 25 years, detenniiie the decay mbit wife a 

25-year lifetime for fee system bemg assessed. TodofeJs 

a. Locate die tmogsealtitadeoftbe final mission orbit on die initial decay orbit apogee altitude axis. 

b. Move vertically from duspomt to die area-dMxiass contour rnatcbiiig that of die system bemg 
assessed. If the system area-to-mass ratio does not matcb a contour value, interpolate along a 
vertical line between acgacent area<4o4nass contours to locate the point on the graph. 

c. The perigee altitude ofdiesdected point is the perigee altitude ofan orbit having die same apogee 
altitude as fee final mission orbit and a 25-year orbit lifetime fin the area-dMnass ratio of the 
systan being assessed. This orbit requires the miniimnn propulsion to transfer the system fiom its 
final mission orbit to an orbit wife a 25-year lifetime, fi requires a sirigle retro-bum (Le., directly 
opposed to fee direction of motion) at imbgee of fee final missian orbiL 

The ddiris assessment software can also be used to calculate oriiit lifetime fin a qiecific orbit and 
area^omass ratio. 

Spacecraft usirig atmoqihetic drag and reentry fin postmission disposal need to be evaluated fin survival of 
structural fiagments to die ground. Gniddines fin diis evaluation are presented in diqiter 7 of dns 
standard. 


Other Postnission Disposal Options (Gniddincs 6-lb, 6-lc, 6-2, and 6-3) 

All other disposal options result in die space system beiiig left in tong^ifetime orbits diat will not in terfere 
wife fiituie space operations. A plan fin performing die postmissioo disposal maneuvers should be 

inchlded the ajpcggiemeti^’ 


Rdiability of Postnission Disposal Operations (Gniddine 6-4) 

The ddnis assessment should consider two areas: (1) design or component fiuhue whufe leads to loss of 
control dnring fee 5md ^2) fiulure of pOStmissian diapngal system, jnguffjftiwnf fiid tO 

conqilete the disposal operation. Conventional fidlureiiiodes and efiectsanafysis or equivalent aiialysis can 
be u^ to assess fiuhires which lead to loss of contrrddurmg mission operations and postmission disposal 

Note: The prbbabilify of damage fiom collision wife orbital ddnis <n meteoroids leading to loss of control 
is analyzed under guideline 5-2. 
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I Brief Summary of Debris Mitigation Measures 

For a program or project Aat elects to limit orbit lifetime using atmospheric drag and reentry, diere are 
several options fix reducing orbit lifetime: 

1. Lower the initial perigee altitude for fete decay orbit 

2. tile aiea-to^nass ratio fisr the structure using drag ang i i mita ti oii, but be aware of the 
restrictions iirqiosed in guideliDe 6-la. 

3. For hi^dy eccentric orbits, restrict the initial ri^ ascension ofascendingno^of^ orbit plane 
relative to the initial right ascension of the Sun so that tire average perigee altitude is lowered. 

4. To increase the probability diat the postmissioa disposal maneuver will be successful, the programme 

iiniiittiinfmgidtyiTicmpcwaringredimdancviiitothepostmissiondisposalsystein. 
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Initial Decay Orbit Perigee Aititude (km) 



Initiai Decay Orbit Apogee Aititude (km) 


Figiire 6-2. Area-40-mass contours for 25-year orbh lifetime for space aystmns left in knr altitude, km 
ecce n tric i ty orbit 
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Initial Decay Orbit Perigee Altitude (km) 



Initial Decay Orbit Apogee Altitude (km) 


Figure 6-3* Area-to-mass contours for 25-year orbit lifetinie for space systems left in hi^y eccentric orbit 
Lunar and solar gravity perturbation effects ne^ected in orbit lifetime calculation. 
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7. SURVIVAL OF DEBRIS FROM THE POSTMISSION DISPOSAL 
ATMOSPHERIC REENTRY OPTION 


Piogranis ot projects use atmospheric reentry to limit ^ orbit lifetime of their systems in coofi>imance 
to gnitiftlmft 6-1 present a potential risk to ^ Ear&'s population This diaptn presents the guidelioe that 
A»fitw»g flift fnaYifinim awim mt of dehris that can survive reentry if the reentry is uncontrolled. Uncontrolled 
reentry is fMmpA as reentry in which the ground fixjtprint location cannot be detormined widi sufiEicient 
accuracy to gnarantee missing landmasses. 


GENERAL POLICY OBJECTIVE 

UMITING the risk fromdebris surviving 

UNCONTROLLED REENTRY 


NASA programs and projects that use atmospheric reentry as a means to r^ove space 
structures from orbit at the end of mission life will limit the amotmt of d^ris that can 
survive uncontrolled reentry. If there is a dgnificant amount of dd)ris sieving 
uncontrolled reentry, measures will be taken to reduce the risk by establishing procedures or 
HftRig nR to reduce the amount of debris reaching the Earth's sur&ce or to control the 
location of the ground footprint. 


GUTOELINE 


7-1. limit the risk of human casualty: If a q>ace structure is to be disposed of by uncantrolled 
reentry mtn the Earth's atmosphere, the total debris casualty area for components and structural 
fragiwftntg surviving reentry will not exceed 8 m^. The total dd)ris casualty area is a femctioii 
of the tnimber and size of cooq)onents survivirig reentry and of the average size of a sta n d ing 
individual. This term is defined more precisely in the mediod to assess c ompli a nc e section of 
diis chapter. 


Rationale for Guideline 


The guidelire for uncontrolled reentry provides an i^iper limit of 8 on the total casualty area of d^ris 

that inqiacts die Earth. An upper limit of 8 rrP is dedvedt^ assuming an average risk of human casualty 
ofO.OOOl per reentry even! However, the ride of a reentry event causing ar^ casualties is actually Iowa: 
no correction has been maA». for the feet that pet^le are usually protected inside bu ildings or vehicles 
amt will ih«>i y fr>T»» hfi chiftMfiH from reentering ddtris- To date, no Casua lt ies have been attributed to 
reentering man-^nade space structures. 
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Method to Assess Compliance with the Guidelines 


The lUBasareofiiskfiranreeateriiigdebns is tile dd>ris casual^ area. For a piece (tf^ddiiistiiat survives 
atmosphenc reeu^, the ddiris caraa^ area is the ddnis cross*sectiaaal area plus a fitttor fiff tile ooss- 
sectioa of a standing individuaL Hie debris casualQr area fiir a reentry event is the sum of tiie debris 

casual^ areas for ^debris pieces surviving atmospheric reentry. Equation 7-1 is used to calculate the 
total ddbiis casualty area. 

An approa^ for estimating the total debris casualty area ^laoe structure firom a decaying orbit 

is summaiMed in figure 7-1. Ibefiilknvingprooechire is uWd to detenniiie if a reenterirtg space structure 
exceeds the total ddiris casualty area limits. The parent bocfy is tiie structure as it exists in orbiL 
(Note: This pmcednrehM ham antomalied in the 

1. Establish the type of model for the parent body and dctomine tiie reference area. 

the dimensians of tile parent bocfy are approximate equal in an directions, it should be modeled as 
a sphere with the diameter, D, defined to be the largest dimension. The reference area is then 



Iftim parent h(^ is no t modele d as a stAere, it should he mntMed as an eq^iivalenr cylinder- The 
kmg^ di m ens i on will be tiie kngtb (L), and tiie largest dtmensian in tiie transverse dirifyrina 'will be 
tile diameter of the Grinder (D). The reference area is then 

Airf = LxD 


2. Determine tiie altitude and total vdodty and fii^ path angle relative to tiie atmosphere of the parent 
bodyatbrealaq). 

As discnssed in the Reference Maimal fig DAris Assessment, experience has jndifsttfiH that ninst 
structures break iqi at an altitude of qiprcKiinat^ 78 km. 

Usipg tiie equivalent sphere or qdinder dimensions and tiie mass rftiie parent bo<^, tiie trajectory 
fromreentiyinterfece to tiie breakup altitude shoiiM be ccxiqiuted to determine the total velocity and 
fli^it path angle relative to tiie atmosphae at the breakiqi altitude. The reentry inter&ce altitude is 
generally taken to be 122 km (400,000 ft). 

The dAiis assessment software provides the c^iability for falmlating the relative velocity and flight 
path aqgle at breakiq) given the breakiqi altitude. Thme values should be used unless a reentry 
breabqi anafysis has b^ conducted specifically for tibe structure in question. 

3. Identify the conqxinentswitiiin tiie parent body. 

Ktimparentbodty is larger than 0.5 m in any dmamsinn and consists nmitiple conqionents, it win 
break up into conqionents of sigmficant size during reentry. Each oftiieseconqxinents must then be 
evaluated s^aiately. The design oftiie structure must be reviewed and all conqxmentstiiat are larger 
tiian 0.25 m in ai^ dimension must be ide ntifie d 
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Figpre 7-1. Flow chart for calcnlating total dd)ris casualty area. Da, for ancontrolled reentry. 
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ffttestroctoe is smaller than 0.5 min any dimension, the parent bod^ is considered a smgle piece <rf 
leenteEmg debris and step 4 may be sk^ped. 

4. Model eadi oftfae canponents coming out of die breakup as cquivalept spheres or cylinders and 
detennine die predommant inaterial of eadr conqxment 

Using liie procedure described in step 1, model eadi of die conqxxients as described in step 3 as 
equivalent q)beres or qdinden. A flat plate is modeled as a cylinder ofhavii^ as diameter tbe largest 
plate dimension and lengfliflieduckness of the plate. Calailate the reference area for each component 
usiitg die rules fiomstq) 1. 

Review the des^ of eacboonqxment and ukndfy die predonunant material Tbe total mass of eadi 
conqioDent must also be specified. 

5. Determine die int^rated heat load experienced by eadi oonqionent 

Using the equivaleotqJiere or cylinder dimensions, the mass, and die initial togectory conditions, 
conqnite the average heat load to each component Software such as the debris assessment software is 
required fi»r this stqi. 

6. Determine the specific heat of ablation, hg. of die predominant material of eadi conqionent 
Usmg the material properties, ha is computed by 


t,=CpX(i;n-Ti)+hf Pdcd 

where 

Cp = spedBc heat capacity (J/kg-*%) 

Tm = melt te mp erature (°K) 

Ti = initial tenqierature 
1^= heat of fusion (Jficg) 

Table 7-1 provides qiedfic heat c^iacity, heat of fusion, and heat of ablation (assummg an initial 
tenqieratare of 300°K) fisr many spacecraft materials. 

7. Determine the reentry survivability of each conqxineat 

Let 

H - the heat load per unit area eiqierienced by a leenteiiiig qiaoe structure (J/dP) 

M = conqxnent mass (kg) 

As = soiftme area of component (n^ 

A necessary and sufficient condition ftir a structure to survive reentry is 

H < M X ha/Ag 
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Table 7-1. Sdected Properties for Materials Commonly Used in Spacecraft Fabrication 


No. 

Material 

(l^m^) 

(J/kg- 

K) 

(Avg) 

k 

(W/m-K) 

@300K 

hf 

(J/kg) 

AHqx 

(J/kg-02) 

T 

melt 

(K) 


1 

SS 21-6-9 

7832.8 

439.2 

12.44 

286098 

16816980 

1728 

924302 

2 

A12024-T8XX 

2803.2 

972.7 

154.64 

386116 

34910934 

856 

926937 

3 

Gr/Ep 

1550.5 

879.3 

4.92 

23 

12305703 

700 

351731 

5 

Beryllium 

1842.1 

2635.3 

169.49 

1093220 

32073679 

1557 

4405792 

n 

Copper 

8938.0 

430.7 

395.88 

205932 

9832002 

1356 

659740 

8 

vzai 

6086.8 

418.7 

10.00 

131419 

0 

2144 

903688 

10 

Gold 

19300.1 

139.5 

316.54 

64895 

0 

1336 

209417 

18 

Lead 

11677.1 

134.7 

35.68 

34968 

8669002 

600 

64368 

19 

Silver 

10491.8 

232.8 

429.58 

105833 

1943838 

1234 

323268 

24 

Strontium 

2594.9 

736.9 

35.41 

95599 

36999682 

1043 

642960 

25 

'ntanium (6 Al-4 V) 

4437.0 

805.2 

7.15 

393559 

32480264 

1943 

1716421 

29 

Barium 

3491.9 

284.7 

18.04 

55824 

34594598 

983 

250380 

44 

A15052 

2684.6 

900.2 

137.03 

386116 

34910934 

880 

908235 


8. Cominite die total dd)ris casualty area. The total dd)ris c a sua lty area in square meters, Da> is 
calcidated as follows: 

Da =|;(0.«+VAr)* (7-1) 

i=l 

vdiere N is Ifae number of objects lliat survive reeotiy . 

ftibe procedure described in Ibis section is used to model reentry suivivd>il^, Aiis the reference 
area in square meters of die ith piece predicted to survive reentry, as de t e rmine d in step 4. If a reentry 
is used afirmintg for wiagB loss during reentry, Aj will be die calculated average cross- 

secdonal area of that piece at ground inqiact 

The avrrag e »n>a nf a standing individaalj viewed feom above. WES taken to be 0.36 

The 0.6 term is dien die square root of this area. 

9. Determine if the total ddiris casualty area exceeds the guiddine limits. 

IfDA exceeds 8 n^, procedures should be initiated to decrease die amount of debris that could 
potentially survive reentry or to control the ground inqiact point for die dd>ris. 
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Since die procedures outliiied in this section are ai^raximate, a moie rigorous reeotiy survhobi^ 
may be conducted to determine the pieces that survive reentry and cont^wite to die ddiris casualty area. If 
diis is done, dien die modds and analysis procedures shcnld be doc miMtrted in the dAriji aiisegsment rejwiwt 


Brief Summary of Debris Mitigation Measures 


If die amount of ddiris surviving reentry exceeds die guiddine» dien either die ground intact point should 
be controlled ly die postmission disposal maneuver OT measures should be takm to reduce the amount of 
ddiris survivtog reentry. Control of the ground inqiact point requires control of die location of die 
postnnssion di^Kisal burn and also requires that die po^noission disposal orbit have a low (typically 
negative) perigee altitude. Options to consider include: 

1. Pe rfiiiming a controlled reentry. 

Maneuvetir^ the structure at die end of mission to a di^Msai orbit with a perigee altitude low enou^ 
to control die location ofdie reentry and ground inqiactpQiiits. Hiis option was adopted by die STS 
pr o g r am ("Space Shuttle: Fli^ a^ Groimd Systems Specifi c a tion s , " NASA 
Johnson Space Center, NSTS 07700, Votume X, Revision J, June 19^). IheguidriiDesinthis 
document are 

a. Ihe reentry debris inqiact&oqitint will be no closer dian 370 km, or 200 nautical miles (mn), 
fiomfbrei^laiidmasses, 461cm (25 nm) fiomU.S. territories and the Contmental Ihuted States 
(CONUS), and 46 km (25 nm) fircxn die permarieDt icepack of Antarctica. 

b. Audiorities for shqipiiiglariBS and airlme routes in the area oflhe reentry fi)oq>ririt will be 
notified of die event 

These gnidelmes would be acceptable for driiiis surviving in oontroDed reentry. 

2. Usir^ materials diat are less likely to survive reentry. 

The inaterial properties ofdie components have a significant eflEbct on reentry suivivabili^. While 
diennoidqrsical ^ plQ^sical properties sodi as diemial oonductivify, qiedfic heat cqiadty, heat of 
fiiska, m^ tenqietature, and densi^ infiuenoe die reentry survivabi^ bdiavior, dbe heat of ablation 
is the best indicator ofdiecoapaaent's ability to survive reentry. Matwials widi a low heat of 
ablation can be used to reduce the debris that survives reentry, hfa material with a lower heat of 
ablation can be substituted in die design, die debris area can possibty be reduced. Volumellafihe 
Reference hfarmal for Orbital Debris Assessment discusses the effect ofmaterial properties on the 
reentry demise. 

3. Decreasmg the effective drag at the reentry interfiioe by decreasing die frontal area of die object 

This decreases die area-to^nass ratio and results in a decreased probability of reentry survivaL Thus, 
design practices or operatiaoal procedures diat decrease die area-to^nass ratio during reentry can 
reduce die amount of debris vriiidi survives reentry. Once the reentry process has begun, procedures 
to reduce the structure frontal area can reduce the reentry debris area. 
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4. Causmg a stmctoie to break up at higgler ahitode. 

Even stnictuies with large aiea-to-mass ratios can survive reentry if are protected fromtbe 
reentry environment «ntil lata in the reentry process. Design practices that rdease the hardware 
earlier in the reentry trsyectory reduce die probability of its survivaL 

5. MariffiTO B ring tlift ^ pnH nf the missinn to a disposal oifait where reentry will not occur 

(duqiter 6, "Postmissimi Disposal of Space Structures”). 

Measures to the risks of r een try are Higmiggftd more fulfy in the Reference Manual for Orbital 

Ddiris Assessment. 
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8. FORMAT FOR ASSESSMENT REPORTS 


Two stand-alone debris assessment reports should be submitted during progi^ or project development 
The initial rq>oit should be mbmittftH at preliminaiy design review (PDR) with a final assess m e n t 45 days 
priorto critical design review (CDR). The reports are to be i^pioved by the sponsoring Associate 
A/tmini'ctratnr anti tlifu ^vmTYlmativl with thft fyffic!e nf Safety Mid Mission Assurance. The purpose of the 
report giiKmittftft at PDR is to identify dd)ris issues eariy in the devdopment cycle idiere resolutions are 
least costly to inq>lement The report submitted prior to CDR will doaunent the position ofdie program or 
project relative to the guidelines to limit orbital dd>ris generation. 


Hie fhrmat of these reports parallels file finmat dT this standard, so that info rma ti on developed 

«<ting file standard can be easily integrated into file rqiorts. 


8.1 FORMAT FOR REPORT ISSUED AT PDR 

Priorto PDR, a preliminary debris assessment diould be con duc ted to identify areas vbere the program 
project mighr contribute ddiiis and to assess fiiis contiibutian relative to fiie guidelines in so for as is 
fea^le. 

The debris assessment report should be organized as follows: 

Section 1: Brief Background on Program and Program Manag e mqi t 
To indude 

• Mission Descripticm 

• Program/Prqject objectives 

• Program/Prqject schedule 

• Responsible program or project manager 


Section 2: Description of Design and Operations Factors 
2.1 Hardware 

To indude (as available) 

• Physical descr^on main structure 

• Description of snrfaces/materials eaqxised to qpace 

• Description of qiacecraficonyonents most sensitive to ddiris impact 

• Dfscriptiop and l oeatif** cf pressnrized v olumes 

• Descrqition on-board propellants 

• Description and location of fiiel storage and transpcHt systems 

• Descrqition of range safety systems 

• Desciqitum of systems containing stored kinetic energy 
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2.2 ASsskm Parameters 


To include 

• Number of qtaoectaft 

• T Mtneh Arte anH ihn^ 

• bCssiop orbit (apogee^perigee altitude, inclination) 

• Flight attitiufe 


Sections: Assessment of Debris Rdeased During Nonnal Operations 

3.1 Debris Released During Stagpig Payload Separatum, or Payload Deployment 
Toindnde 

• Pidiniinaiydesciqrtiaaofddms released and assodatedoibits 

• Prdiminaiy estimate of area-time and object-time products 

3.2 Debris Released During bGssion Operatirms 
Toindnde 

• Pidiminaiydesciq)tianafdd>iis rdeased and associated orbits 

• Pidiminaiy estimate of aiea-4inie and oibject-4ime products 


Section 4: Assessment of Orbital Dd>ris Generated by Eizplosions and Intentional Breakups 

4.1 Explosions from On-Board Stored Energy 
To include 

• General desoytion of systems or conqKaentscontainiitg stored enetgy 

• General plan fodepleti^ stored energy sources after completion of mission 

4.2 bitentional Breakups 
To include 

• General descrqition of object being fiagmented 

• Desoqition of energy source 

• Desoqition ofmbit in wbicb breakup udl occur, and location and altitude of brealoq> 

• Desci^tiQn of brealoq) modd 

• Pcdininaiy estimate ^aieaHime and 6bject'4ime product of brealaq>fiagments 

• Prdimmaiy plan for assessing risk to other operating qiaoeccaftftomftteddMrisdoud formed 
immediately after the test 


SectinsS: Assessment of Debris Generated by On-Orbit Collisions 

5.1 Assessment of Collisions widi Large Objects During ABssion Operations 

Toindnde 

• Estimate ofprobabiliQrofimpactwifti large objects, based on planned mission 
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5.2 Assessment of Collisions with Small Debris During h^sion Operations 
Toindude 

• Idendficatim of systems O’ coiiqxmeDts mod vuhierabte to debris 

• Preliiniiiaiy assessment c£ s hie ld ing requiremeots, design consi dera ti o iis 


Section 6: Descr^tion of Postmission Disposal Procedures and Systems 
Toindude 

• Planned option lor postmission disposal 

• Desaqytion of disposal ptoceduies and systems 

• TA^ntififarrifm of obstades to successful postoiission di^K>sal 


S ec tio n 7: Assessment of Survival of Debris from the Postmission Disposal 
Atmospheric Reentry Option 


Toindude 

• ajeeftggnent nf stmctores which will survive uncontrolled reentry 

• Conservative estimate oftotaldd>ris casualty area for debiis surviving uncontrolled reentry 

• Pr eliminai y plan for atmospheric reentry if it appears that die guiddine of 8 n^ will be vidated 


8.2 FORMAT FOR REPORT ISSUED PRIOR TO CDR 

Forty-five days prior to CDR, another ddiiis assessment should be convicted. This report should 
rr w nnrv-nt rm rhanges made since Ae PDR report The levd of detail in this report should be Consistent with 
the available infbimatian on design and pperatioos. 

When there are design dianges afier CDR that inqiact the potential fiir cabital debris generation, an iqidate 
of the dd)ris ass««ment rqxfft should be prepared, i^iproved, and coordinated widi the Office of Safety 
and Mission Assurance. 

The ddiris assessment rqiort should be mganized as fisllows: 

Section 1: Brief Badground on Program and Program Managemoit 
Toindude 

• Mission descrfetiai 

• Prpgram^roject objectives 

• P r ogra m ^rcject schedule 

• Responsible program or project manager 


8-3 



Section!: Descrqrtion of Dedsn and Operations Factors 

2.1 Hardware 
Toindode 

• niysicddesctqjtianafmainstnictiire 

• Desciqjtian of soi£ues^!iaterials exposed to sp^ 

• Desolation of ^)aceciaftcainiMaetits most sensitive to dtiiiisinqnct 

• Desciqjtion and location of pressurized volnmes 

• Desolation of on-4)oardpiq)e]laiits 

• Desd^tion and location of fud storage and tranqxnt systems 

• Desci^itionofiangesafBfy systems 

• Descrjition and location (rfsystenis c ontainin g stored kinetic energy 

2.2 Mission Pcaxoneters 
To include 

• Number of qtaceciafi 

• T -antirli Hatp. 

• bfisskm orbit (ryogee^peiigee altitude, indinarion) 

• Fliglit attitude 


Section 3: As se s sm ent of Debris Gen er a t ed During Normal Operations 

3.1 Debris Released During Staging, Payload Separation, or Payload Deployment (Guidelines 3-1 
and 3-2) 

Tomdude 

• Desctytionof<Mwis to be rdeased,irichding size, icBss, cross-sectional area, mitial orbit, orbit lifetirne 

• CalCTibited area-time fin dd?ris larger than 1 mm (rrr^-yr) 

• Calculated object-tirne fiyddrris larger than 1 mm (yr) 

• Calculated time tiar removal of debris from GEO al&ude to at least 300 km bdow (SO altitude 

• Source for analysis ifnot tins standard or tfaeddms assessment software 

3.2 Debris Released During Mssion Operations (Guidelines 3-1 and 3-2) 

Tomdude 

• Description ofdebtis to be released, indudirigrdeasetirne, size, riiass, cross-sectional area, initial orbit, 
oibit lifetime 

• MaKinMim tnCdcTnM- mctifinal area ofddirismmbk at ary given tmie(rii?) 

• Calculated area-time for debris larger tbanl nun (rtt^-yr) 

• Calculated object^irrie for debris larger tiian lrrtm(yr) 

• Calculated time for removal of ddnis fiom GEO altitnde to at least 300 km bdow GEO al t i t u d e 

• Source fin anafysisifnot this standard or the ddrris assessment software 
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Section 4: Assessmait of Debris Generated by E^Iosions and Intuitional Breakups 

4.1 Explosions From On~Boetrd Stared Energy (Guidelines 4~1 and 4-2) 

To include 

• r>e« yripti»n «f faflure modes leading to explosion 

• Descriptioa of systems involved in esqilosive &ihire, i n clu di ng die following: 

- Fluid: couqiositioii, pressure^ eneigy density 

- Structure: size, mateiials,tiuckDess,locatiaa relative to dii^on of modoa, shielding fonn 

enviionment, most probable failure mcxte 

• Fctimatftti pfx>b ab ility »f explosion if quantified in assess m ent 

• Detailed plan for structure afier conqiletioD of mi ssi on 

4.2 Intentional Breakups (Guidebnes 4-3, 4-4, and 4-5) 

To include 

• Desciqition energy source, total eneigy content 

• Altitude and location of breabip 

• Description of model for breakiq) 

• nf misfiitm inriiiding state vector at aqilosion 

• area-time fin* debris laigerdian 1 mm (n^-yr) 

• Plan for aggftggmg risk to operating spacecraft from the dd>ris do^ formed imm ed i a t e ly after die test 

• Documentation of dry run for risk analysis using predicted event time and current 

USSPACECOMMAND catalog dements 

Section 5: Assessment of Debris Generated by On-Orbit Collisions 

5.1 Assessmera of Collisions yridi Large Objects During Missim Operations (Guideline 5-1) 

To include 

• Estimated probability of coIlisicBiwidi intact space systems or large ddiris 

• Plan for limiting probability, if applicable 

5.2 Assessmera of Collisions witii Small Debris During KBssion Operations (Guideline 5-2) 

To include 

• Descdptianafpriniary mission failure modes from nieteoioidtn orbital debris niqiact 

• Descr^on of design measures taken to protect against inqiactswidi meteoroids m orbital ddiiis, if 

applic^le 


Section 6: AssessmentofPostinissionDisposalProcediiresandSystuns 

6.1 Description of Postmission Disposal Option and Disposal System (Guidebnes 6-1, 6-2, and 6-3) 
To include 

• Statement of disposal option exercised 

• Disposal plan and descr^tion of si^jporting systems (final mbit parametMS,Av requirement, disposal 

system dedgn, etc.) 

• Source for andysis if not diis standard or the debris a s s ess me nt software 
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6.2 Assessmau of PotentiaJ Failures Otat Prevent Succes^ Postmissi<m Disposal (GuideUne 6-4) 
Toindude 

• Desciqitkaofpdiiiaiyfiulare modes leading to loss of cadid during inissianoperatiaiis — ^fiomdesign 
or fiom impact with small dd>ris 

• Ajesemsment of failnre of Ae pos t mias i nn disposal system to work pr operfy 

Section?: «f Survival «if fimm rtw PftgtmMgon Disposal Atmospheric 

Reenby Option (Gniddine 7-1) 

Toindude 

• Verification that survivmg debris is wiflan guiddines 

• Source fix analysis if not this standard or the debris assessment software 
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APPENDIX A 


DEFINITION OF TERMS 


Apogup - Ttift p oint in nfhit that is the farthes t frnm the center of the Earth. The ^>0g6e altitude is tile 
distoice of the apogee point above tiie surfece of the Earth. 

Apsis Q>L apsides) - The point in the rabit 'wbere a sat elli t e is at the lowest altitu^ (perigee) or at tiie 
hi^iest altitude (qx^ee). The line connecting ^xigee and perigee is tiie/i/iecj/'a/uit&s. 

Argument of perigee - The an gle between tiie line evtenrfing firom tiie ceates of tiie Earth to the as cending 
node of an oibit and tiie line extending fiom tile center of the Earth to tiie perigee point in the orbit 
measured fixim the ascending node in the diiectian of motion of tibe sa tel li t e. 

Ascending Node - The point in the orbit ^xbeie a satellite crosses tiie Eartii's equatorial plane in passing 
from tiie soutiiem hemi^here to tiie northern hemisphere. 

Cratering flux - The number of inqiacts per square meter per year of debris objects wbich will leave a 
crater at least as large as a specified diameter. 

Debris flux - The numb er of impacts per square meter per year expected on a ra n do m ly oriented planar 
surfrce of an cnbiting qiace structure. 

Debris flux to limiting size - The number of inqiacts per square meter per year of debris obj ects of a 
qiecafied diameter or larger. 

Delta-v - The change in tiie velocity vector caused by thrust measured in units of meters p^ second. 

Eccentricity qiogee altitude minus perigee altitude of an orbit divided by twice the semimajor axis. 

Eccentricity is zero for drcolar orbits and le^ tiian one fiir all ellqitical orbits. 

- An index of solar activity; a ISHnantirnmning average oftiie energy flux fiom tiie Sun measured at 
10.7 cm, expressed in units of 10^ Jansl^. 

Geosynchronous orbit (GEO) -An orbit with a period equal to tiie sidereal day. A drcular GEO orbit 
witiiO mfJingrion js 8 ge o ! ?t?^ t^ona^y i e ^ the nadir point is fixed OP the Earth’s surfrioe. Thealtitude 

ofacfrcularCSEO orbit is 3S,7S8 km. >Vhea GEO is reforred to as an altitude it is that of circular GEO 
orbit 

Geosynchronous transfer orbit (GTO) - A hi^y eccentric orbit with perigee at LEO altitude and apogee 
near m above GEO altitude. 

Incbnation - The angle tiie mbit plane makes witii the equatmial plane. 

A unit of electromagnetic power density equal to 10*^ watts/n^/Hz. 

Line of apsides - The line connecting tiie ^xigee and perigee points in an orbit This line passes through 
the center of the Earth. 
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Line of nodes • The Ime fanned by tiieintenection of the odwt plane with die Earth’s equatorial plane. 

This line passes Ifaioogh the center of the Earth. The ascending node is die point where a satellite crosses 
the equatOT from the southern hemisphere to the northern hemi^ihere. 

Zow Earth orh/t - Ihe region of iqiace below the aldtiide of 2000 km. 

M?teotv»fr - Natuia% occurring paiticalatBS associated with S(dar system finmation or evolution 
processes. Meteoroid material is associated with asteroid btealoq) or material rdeased from comets. 

C>hirh/^me-11iekqgdiofthne an object remains in orbit Objects in LEO or passing through LEO lose 
energy as they pass throigh the Earth’s upper atmosphere, eventually getting low enough in ah^ude diat 
the atmosphere removes them from orbit 

Orhrtn/ dSehm - Manrmade particulates released in orbit hi dus document onfy^ddiris of diameto' 1 mm 
and larger is considered. 

Penetration debris flux - The number of impacts per square meter per year diat will penetrate a surfrce of 
qjedfied orientation widi specified materials and structiiral charactBiistics. 

Perigee- The point in the mbit diat is nearest to the center of die Earth. The perigee altitude is die distance 
of die perigee pmnt above the surfrce of the Earth. 

RjgLit ascension of ascending node - The angle between the line extending fixim the center of die Eaidi to 
the ascending node of an mbit and the line extending from the center oftfae Earth to die vernal equinox 
measured fiom the vernal equmox eastward in the Eardi’s equatorial plane. 

Seminiayt’^ODas-Halfdiesumofthedistancesofapogeeandpeiigeefiamdiecentertrf^dieEaith. Half 
die lengdi of the nuym axis of the eOqitical mbit 

Smn^vichroinoitf Orbit (SSCtl -An mbit widi a 12<hour period. A circular SSO is at altitude 19,133 km. 
Solar flux vrdt (^) -Equal to 10^ Janti^ measured at a wavdeogdi of 10.7 cm 


^>ace debris - Either meteoroid m orbital ddiris. 


Ib/no/ eqtd/iac - The directian of the Sun in space when it passes fiom die soudiem hemisphere to the 
northern hemisphere (on March 20 m 21) and tqyears to moss the Earth’s equator. The vernal equinox is 
die reference point fiar measuring angular distance along the Earth’s e^iatmial plane (right ascension), and 
one of two angles usoalfy used to lomde objects in mbit (die other bemg dedmation). 
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L Understanding tile llireat of CoUisioii 

Collcctiv^^ le&iTed to ss sp 3 ce debris, objects in oibit csn be divided mto two cat^oiies: natural objects, 
or meteoroids, vdiidi are associated wi& the solar system; and nian-made objects, or oibital d^ris, wincb 
result ficm operations in dibit about die EardL Space debris ranges fiom dust-speck-size objecte sma^ 
dian a inicroo to nieter-sizB objects and larger. Abnost all space ddnis larger tlim about S mm is orbital 
debris. 

The threat of collisioa with orbital ddiris is an issue of growmg coocem as historically accqit^ practices 
and procedmesaUow man-made objects, some having the potmtial to explode, to accumulate in orbit In 
the past, explosiaos have been the primary source of ddnis and are likely to contimie to be so &r^ 
immediate fttuie. However, current imrriediatemodding indicates that even iftiiae is no increase in the 
number of laundies per year, and spacecraft and upper stages continue to be left in oAit at the end of their 
mission, wifliin tbe nest 50 years collisions between large objects will becmne 4e mjgor source of ^ris. 

r^JUcifwial will IftflH tn a laige increase in the amount of oibital debris cyable of damaging or 

tWcaMing r ywrating The models Currently being used to predict the Oibital debiis environment 

that even if the number of laimehes per year increases only slightly (by ^proximately S launche s 

p^y ^r ) f;f>lliginng hetwBen large objects in Qifait will become a si wiifican t source of debris wilhin the next 

30 years. 

The greatest risk in not controlling die d^ris environnient is the onset of these c ollisions between large 
objects. There are two reasons fin this. First, once collisions b^jn to occur, it will be almost mqiossible 
to bait the process awl diey will occur with increasing fiequency — a process referred to as c olli s ion al 

Second, the eneigiBS in ooilisiooalbreakiq> are much larger than in eaq>lostve breakup, in the 

iiM ^o^ Tlft(afewldlngranisafThn)togig^onte<afewmetrictomofTT^Tai^. This energy comes 
fir raw tii<» vpay laTgft amraint nf rfianieal energy usrf to get objects into print This large amount of 

energy creates many more debris fragments in aU size ranges and spreads ^ <^iis over many 
hinwtnvtc fif V ilAttMtftr B ftf altitude This dd>ris may hit odier satdlite sutfeces, canying hnpact energies of 
bi pwiTwtlg nif nvyij mileg per kilogram of inpactor mass. At feese energies, ddnis less than 1 mm in 
diameter, typically about 1 mg of mass, can penetrate an rnishidded spacecraft suifece and damage 

sensitive surfeces such as optics or diennal radiators; ddrris less than 1 cm (1 gm) can penetrate even a 
heavify shielded suifece; and debiis as small as 10 cm (1 kg) can cause a q>aceciaft to break up into debris 

fiagments. 

n. Ike Pi«3idatulDiracth« to Umh Orbital DdbiUGenenti^ 

OnFdrmaiy 11, 1988, Presiderd Reagan issued a Presidential Diiectiveonnatiooal space policy which 
a Tpqiiireitient to limit the accumulatjon of orbital dd«is. This directive was the fijundation fin a 
coordinated effort among U.S. agencies and other nations to increase fee understanding of die hazards 
>>y Ar hital rfphri<e and tn establish *f> manage the orbital debris eavironm^ 

This effint has ntiatuted irito the establishrnent of an hiteiiiational Tetferiical Wori^ Group on orbital 
debris. A gr mng was reached widiindiis working group wdndi helped mflii e nc e all to^ce fining 

watinnc to vdiudarily establish actions to limit orbital ddnis. 
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TTf- A Theoretical Perqicctive <m Maiu^jBg Oilitt Ddiris 

Even IlioQgJi access to ^)aoe and opeiatians in ^>ace require a laigce a qiend it n re of eae^^, any object left 
in it its ^siiedfuncti^\riU Stitt contain residual eneny Thiseneigyis 

iviwipigi-Mi in laige part of ifiietfce«e?7^. and may also include ad dit io na l atom/ energy, both cfae mic al and 
n«v*anifgii ihe kinetic cnBigy results fiom bodi tlie higft oibital vdocity^ and tlie fiu:t tbat obJccts w 
genendfy in different oibit planes. Ih low Earth oibft(I^), die regw of q>aceiq> to 2,000 km altitude, 
aw ra^ irim'rtn wimpy ia about 50 mepajoulcs per Idlogiam rfmass in ori>iL* The stored energy (in the 
frnnof "M«iftntiim devices, residnalfii^pressuiized containers. «: ba t te ri es, for eaanciple) is nanhnal by 
^Yf ^p p j n-jyTfw — ngnally mneh less than a m^^oule per kJogiauL These sourtes of stored energy, however, 

can cause dieh associated structures to fiagmeot, proditciqg nurnerous sinaller ficsgments, each still 
cootainiitg the SO m^tgoulesofkinetic energy per Idlogcam of fiagment mass. The large number of 
fiagmen»a c<nnhin^ wiA die rdativdy high khietic energy fin eaAfragnaent. creates a much latgCT risk to 
od^ spacecraft. 


i« Tm«fanien*aiiy ^ die pT oc ess nif mani^gii^ oibital dd>ris is EpTocess ofmaosguigthis rcsidual energy. 

Stored awigy can be depleted before endmg operations. Kmetic energy manag e m ent, on the other bai^ 
requites diminating either inass or rdativev^xity. Since in most cases it is noC possible to cause objects 
to orbit in a wry ^diicfa reduces die rdativevdocity, mass must not remain in a r^jon where it c m af fect 
eidKT d»****V by fegnw-trtadnn la some cascs, mass will be reoooved ftom dibit 
by natural fitroes, but in most removal innst be planned. Even after debris control measures are instituted, 
heftTBsidiial debris envir onm e n t fiom mass left in print before i mm a go uent trfthe 
fipm accidents occurring in orbit, and from mass being removed from die environmeiit 
midiin dw> piidrfiiifte «»gta blis b«i for debris management (The guidelines were designed to prevent gruwdi 
of die debris en v i mnmwit, vdiile minimizing die cost of oonipliance.) Consequent^, spaceciaft must protect 
trim iv^^ningdAiis sources as a result ofcnlliding wife some of diis mass. This will require 
aiMmg "energy dissqiaticn" in some cases to protect critical spacecraft cooqioneots. 


Therefore^ a program mitigatBS its orbital ddnis contributianby controlliugdiecne^gy it contributes to die 
orbital ddnis environment Theshmt-termenvironnaentcanbenaanagBdly nK n u igii ig dieitoiedcfagiiical 
and medumical energy widiin a spacecraft. This requires reliable deagns to lyevent explosions during 
/y^ratifw To prevent eiqilosiaBS after conqiletionafmissianopeiatiatis, residual energy such ^ 
pT ^cmr f^ 4^^ nr Tnw4ianif»al MiffTgy miirt he vented or depleted. If q iaceciaft remain in the cnvitoiinient 
inngiwaigh thiy will eiwntnally be converted into fiagna^ as a result of collis i o ns . Consequentfy, die 


the iwi ftf mi«einn K<b Hus slso means diat objects must have sufiBcient reliability against Oibital debiis 
and ^yWiiaTardg tnengiTe that diey can be rernoved before any fiatanentation occurs. 


IV. OriiitalDdirisMbdding-^redicting the Probability of CoDisiaB 

Over the last 10 years NASA has had a program vdiidi characterizes die current and fixture envinmment 
awH iiiiwWh^sfwigirtg nfatyimhmatinnQfmoddsvalidatBdbviiieasurenieats. Abetterundastandingofdie 
consetpiericesofpast operations has resulted firomdiisprogiaiiL Wenowknowdiatwitlmdie 
s^proodmatefy 2,000 km altitude LEO region there are bOhoris of very small orlutal debiis fiagments (0.1 
mm and smaller, produced fiom s(did rodeet motor fillings and degRukdon of qiacectaft surfices) diat can 

erode qiacecraft soi&ces. More dianlmillian of diese objects are larger than 1mm and can cause 
opexatiooalfiulureifthey strike sensidve areas on a qiaceoaft. Any orbital ddnis 1 and larger comes 
fiomdieiimedian 100 accidental and intentional fir agmcaifation sd^have occurred since die incqrtion of 
die space program. There axe about 150,000 orbital debris objects laigerthan 1 emthat will cause 


* This is rou^ity 25 times die energy content of TTIT. 
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< y»ratin wa l fefliir e to a spafflciaft n^arcUess of wbeie strike; and time are about 15,000 objects in 

LEO laiger *fe»n 10 cm which will catastrophically fragment any spaoeoafr they strike. 

bi frie coneot environment, q>acecrafi &iluTes caused by collisions with debris occur with pro^ilities o£ 
lendis to faundreddis of a percent per year, Hpp enHmg m the mission mbit al ti t ude and cm the size of debris 
■rirat <^ritifgil Hamagft fSinant iw^elg^ hrtwever, project that unless measures are taken to limit 

die geaeialioD of d^iis, over the next 100 years ^ piobabilhies will grow at the rate of a few tendis to a 
few peroent per year and will oontiiiue to increase is^idly. Thus die hazard imposed by debris will become 
aimnst' a s **g»ific aTit a loss as conyxxient &ilur^ even after routine techiuques are 

g parp^rraft Thft guidelines defined in Aese vnhimes provide limits ou debris geneialron 
that will halt the growth of the drf)ris environment and ensure that, debris does not became an increasingly 
significant cost frikor for future space opraatioos. 

V. Orbital Dd»ris Measorementa — Validating frie Models 

Until recenlfy con^rdieDsive groond'based measurements could be made only fiv objects lar;^r than 
1 0 cm, widi die primary source for this data beiag the s atelli t e catalog maintained by 
USSPACECOMMAND. Tbetefore, die rougbly 6,000 objects vriiidi are located in LEO and listed in die 
rataing ^f»rniint ihr ntily a small fiacdon of die dAris nAuA conoems Spacecraft opetatOTS. However, even 
far this small f«nly five percent of die objects indie catalog are operaring spacecraft. Over half of 

die objects are breakup fragments from on-orbrt eaqilosioiis, vbiditnakes dimiiiatioa of explosions ^ 
tnoct Ttw^hnd far ftnwtmlliiig the debris envi mnmenL About 40 percent of the objects in 

die are spa cecraft and iqiper stages diat have been left in orintatdie end of their operational li&. 

These objects, odiers like them if fiiture practice does not forbid it, are the greatest concern for long- 
tetm control of die ddiris environment since thQ^ can be turned into millioas of fiagmods larger than 1 mm 
if th^ collide with other large structures. Contributing to the concern is die potential of many of these 
objects to have long orbit lifotimes. Spacecraft and upper stages ate being abandoned at a rate greato: than 
ahno^ilieric drag is able to remove th^ Asaresuftdieteisacoatinnmggiowdiindie rnassandtmget 

area of maiHnade material in orbit and an increasing potential £»- the generatioa of debris diat will inhibit 

fiiture qiace qperatians. 

For die geosynchronous Earth mbit (GEO) region, sqproximat^ 35,800 km a ltit ud e, the same issues are 
present Mcaq^ram<»nt in thi<e T»y fwi is miifth more Hiffirailf^^ hnwever, and the man-made debris 

ic nn» ac iiTffll fharaftftriTi^ ft is tfaougjbt diat diis ctivironnient is Significantly Icss Severe than 
LEO. Collision velocities in GEO ate more characteristically 0.5 km/s rather than the 10 km/s in LEO. 
Consequent^, a ghnilar direat is posed by a collision widi 1 cm ddiris in GEO as is posed by a collisimi 
widi 1mm debris in LEO. Brealoips have occurred in GEO, but wbether or not di^ occurred widi a 
frequency conparable to that in LEO is currently being inves t i g ated. 

The region between LEO and GEO contains mainty upper stages and ddiris otyects in geosynchronous 

trimgfar oibit (GTO) OT ^laceciaft in higbrincUnation, higbreccentricity m i s si on mbits such as die Soviet 
communication satdlites. Hbwever,therearesevetalprogramsusiiignear-circular<^itsv^ 12-hour 
pwrifxig anH aif PO tn^g^ireitiflnts inHiflatmg hreAiips of oljects in dus mbit widun this altitude 

range. 

VL Madiig Others at Risk 

The giDwdi in die amount of debris in space and the nqiidty increasing hazard it posm demand that users of 
s pa<y lyg pnngihility in bath die design and operational phases of qiace missions. Todecrease 

risks to space users mii<t avoid die following risk-creatiiig events: 
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• Explosions in miit Explosiaospioduoealai]gBiiiiiid)erofdebrisfi:^iiientsciq)ab]eofcausiiigsiagle- 

eveot&iluFe of an operating sparacrafi, as well as a stiU larger nmnber of smalls dd>iis fragments 
o^>abkafd^iading1faepei£)innaiiceofaspaceciaft. Ilievdocitiesin 9 aitedto 1 iiedd>xisoabreakiq> 
may create a significant risk to qwcecraft operating hundreds ofldlonieters above or bekw tile breakq) 
altihide, and may place ddms in crtnts \vitii very lifetimes. 

• Dconagft^ collisions widt debris during mission opatOUms. This most fik^adU occur with a small 
piece ^debris, leading to loss of control of tile q»ceciaft However,itooQldbeaoollisioa¥dthalaigB 
piece ofddnis, leading to catastrophic brealoq). This is primari^ a problem fiir pro g ram s having large 
qyaoeciaft adtii long mission lives. 

• Fcdhire to remove a structure from a hig^vabtereffatofspaceta die end of usefidtifi. Faihireto 

remove from orbit nonfunctional objects, eadiafv^^ becomes a potential source of small ddiris that 
could affect fiiture qiace operations in r^ion, is the operational procedure in most cases today . 

• Leamng operational debris in die errvironment. Such debris fiagments, vtiule small in number, are 
generally larger tiian 1 cm and represent a risk of single-event feihne to operating ^jacecraft. These 
otgects vnU remain in oibh fiv moitiis to years if left at lour altitude, fer tens to hundreds of years if 
released at altitudes Epical for Sunrsyndnonous missions, and fiy a viitna% unlimited period of time if 
released above tiiis altitude. 

• Impacting die Eardt’s surface. This danger occurs uhen oonponents or structures firm a spacemaft or 
iqper stage survive atmoqiberic reentry. 
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